r  w  • 


ft 

*  * 


•  yt»  2  »•  i  ^ 


9'\ 


MV; 


•  '  .  t  *  *  *  1 

*  4  4  /»  *  *  * #  ft  “ 


\  .  ♦ 


*  * 

»  Ir  * 


RECENT  ADVANCES 


RECENT  ADVANCES 

IN 

PHARMACOLOGY 


By 

J.  M.  ROBSON 

M.D.,  D.Sc.,  F.R.S.E. 

Header  in  Pharmacology,  Guy's  Hospital 
Medical  School,  University  of  London 


and 

C.  A.  KEELE 

M.D.,  F.R.C.P.  (London) 

Header  in  Pharmacology  and  Therapeutics, 
Middlesex  Hospital  Medical  School,  University 
of  London 


With  46  Illustrations 


LONDON 

J  &  A.  CHURCHILL  Ltd. 

104  GLOUCESTER  PLAGE, 

1950 


W.l 


llf.00 

All  Rights  Reserved 

This  book  may  not  be  reproduced  by 
any  means,  in  whole  or  in  part, 
without  permission  of  the  publishers. 

Lx3  - 

J<So 


CFTRI-M 


ysore 


1400 

Recent  advances 


Printed  in  Great  Britain 


/ 


To  the  memory  of  A.  J.  Clark 
A  great  pharmacologist  and  a  lovable  man 


PREFACE 


Recent  discoveries  of  new  drugs  and  advances  in  om  knowledge 
of  their  actions  and  uses  have  been  so  numerous  and  widespread 
that  even  the  specialist  has  great  difficulty  in  keeping  pace  with 
the  course  of  events.  Our  purpose  in  writing  this  book  has  been 
to  survey  some  important  recent  developments  in  Pharmacology 
likely  to'  be  of  interest  to  students  and  practitioners  of  medicine, 
and  to  present  the  material  in  such  a  way  as  to  provide  not  only 
an  account  of  our  knowledge  concerning  the  actions  of  drugs,  but 
also  a  basis  for  their  use  in  practice. 

Modern  developments  in  pharmacology  have  followed  two 
main  directions;  the  first,  in  the  investigation  of  mechanisms  by 
which  drugs  produce  their  actions,  a  field  to  which  A.  J.  Clark 
made  outstanding  contributions,  and  the  second,  in  the  discovery 
of  many  drugs  of  therapeutic  importance.  The  first  development 
has  been  of  value  from  a  theoretical  point  of  view,  as  a  means  of 
discovery  of  new  drugs,  and  also  in  the  more  adequate  application 
of  drugs  in  practice.  In  the  present  book  we  have  tried  to  describe 
these  various  developments,  giving  due  emphasis  to  all  branches 
of  the  subject.  Thus  we  have  dealt  with  many  of  the  recently 
introduced  techniques  which  have  been  used  to  elucidate  the 
actions  of  drugs,  and  we  have  not  only  described  the  pharmaco¬ 
logical  actions  and  fate  of  drugs  in  the  body,  but  have  tried  to 
emphasize  the  importance  of  this  knowledge  in  their  therapeutic 
use. 


At  the  outset  we  realized  that  it  would  be  quite  impossible  to 
review  the  whole  vast  and  growing  field  of  Pharmacology,  and 
we  have  had  to  confine  our  discussion  to  what  we  considered  at 
that  time  to  be  the  most  important  aspects  of  the  subject.  We 
are  fully  aware  that  important  material  has  been  omitted;  we 
have,  lor  example,  said  little  about  the  sulphonamidcs  as  they 
are  no  longer  in  the  forefront  of  development,  and  our  account 
of  cortisone  and  adrenocorticotrophic  hormone  must  necessarily 
be  inadequate,  since  here  advancing  knowledge  actuallv  overtook 
us  in  the  middle  of  our  task. 

The  review  of  each  individual  topic  is  by  no  means  exhaustive 
but  we  have  aimed  to  provide  a  sufficient  number  of  important 
reierences  to  satisfy  the  reader  who  wishes  to  consult  the  original 
sources  of  information,  and  to  facilitate  matters  we  have  marked 
review  articles  with  an  asterisk. 
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PREFACE 


The  question  of  drug  nomenclature  is  a  vexing  one  that  offers 
no  easy  solution,  but  we  have  wherever  possible  used  either  the 
names  given  in  the  British  Pharmacopoeia  or  those  officially 
approved  by  the  General  Medical  Council. 

We  should  like  to  offer  our  thanks  to  those  authors  who  have 
so  kindly  allowed  us  to  reproduce  figures  and  photographs  (cited 
in  the  appropriate  legend)  and  also  to  the  Editors  of  American 
Journal  of  Medical  Sciences,  American  Journal  of  Psychiatry,  Annals 
of  Internal  Medicine,  Annals  of  Tropical  Medicine  and  Parasitology , 
Annals  of  the  New  York  Academy  of  Sciences,  Archives  of  Internal 
Medicine,  Blood,  British  Medical  Journal,  Bulletin  of  the  Johns 
Hopkins  Hospital,  Endocrinology,  Journal  of  Allergy,  Journal  of 
the  American  A ledical  Association,  Journal  of  Biological  Chemistry, 
Journal  of  Clinical  Investigation,  Journal  of  Clinical  Pathology, 
Journal  of  Immunology,  Journal  of  Neurophysiology,  Journal  oj 
Pharmacology  and  Experimental  Therapeutics,  Lancet,  Proceedings 
of  Staff  Meetings  of  the  Mayo  Clinic,  Quarterly  Journal  of  Medicine, 
and  to  The  Year  Book  Publishers,  Inc.,  Chicago,  and  The 
Williams  and  \Y  ilkins  Company,  Baltimore. 

We  should  like  to  say  how  grateful  we  are  to  numerous  colleagues 
at  Guy’s  Hospital  and  Middlesex  Hospital  Medical  Schools  for 
helpful  discussions  of  the  various  subjects  dealt  with  in  this  book 
and  we  wish  to  acknowledge  in  particular  the  valuable  assistance 
we  have  received  from  Professor  W.  A  Bam,  Professor  A.  S.  V 
Burgen,  Mr.  W.  F.  Floyd,  l)r.  T.  A.  B  Harris,  1  rofessor  G.  A.  D. 
Haslewood,  Dr.  A.  J.  H.  Hewer,  Dr  Bernard  Johnson,  Dr^Jw. 
Nissim,  Colonel  H.  E.  Shortt,  and  Professor  It.  H.S.  Thompson. 

We  are  also  greatly  indebted  to  Miss  B.  Senior.  Miss  G.  Murga- 
troyd  and  Miss  P.  Howes  for  their  helpful  co-operation  in  preparing 

thl"lifwrs“^°to-express  our  deep  appreciation  of 
the  constaidand  untiring  help  which  Mrs.  S.  Robson  has  given 

"Nt^llho  wislTto  expr!Tour  appreciation  of  the  most  eordial 

help  which  we  have  consistently  received  from  Messrs  J-  A. 
Churchill  Ltd.  j  jyj  Robson 

C.  A.  Kf.ele 
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CHAPTER  1 


ANTI-CHOLINESTERASE  DRUGS 


lx  this  chapter  the  actions  of  anti-cholinesterase  drugs,  with 
particular  reference  to  the  newly  discovered  alkyl  phosphates, 
are  discussed.  A  brief  account  of  chemical  transmission  precedes 
a  discussion  of  the  mechanisms  ot  cholinesterase  inhibition.  The 
actions  of  these  drugs  on  neuromuscular  transmission  are  described 
in  some  detail  and  will  be  further  referred  to  in  Chap.  2  in  dis¬ 
cussing  the  mode  of  action  of  curare.  The  central  nervous  actions 
of  these  drugs  are  only  briefly  mentioned.  For  this  and  other 
aspects  of  anti-cholinesterase  drug  action  the  reader  is  referred 
to  the  excellent  review  on  anti-cholinesterase  drugs  by  Ivoelle 
and  Gilman  (1949). 


Chemical  Transmission 


The  work  of  Loewi,  and  of  Dale  and  his  colleagues,  has  established 
the  importance  of  chemical  agents  as  transmitters  of  activity  in 
the  autonomic  nervous  system,  at  the  junction  of  motor  nerve 
and  skeletal  muscle,  and  probably  also  in  the  central  nervous 
system.  For  example,  at  the  preganglionic  nerve  endings  of  the 
autonomic  nervous  system,  acetylcholine  (A.Ch.)  is  liberated  by 
nerve  impulses  in  both  sympathetic  and  parasympathetic  divisions. 
The  A.Ch.  so  released  then  stimulates  the  ganglion  cells,  from 
which  arise  nerve  impulses  which  pass  along  the  postganglionic 
nerve  fibres  and  in  turn  liberate  transmitter  agents  from  their 
nerve  endings ;  postganglionic  parasympathetic  nerve  fibres 
produce  and  liberate  A.Ch.  whereas  most  of  the  postganglionic 
sympathetic  fibres  produce  and  liberate  adrenaline  (and  probably 
nor-adrenaline,  e.g.  von  Euler,  1946,  1948).  These  substances 
then  act  upon  the  structures  innervated  bv  this  system. 

In  the  resting  state  the  chemical  transmitters  are  apparently 
held  m  the  nerve  fibre  endings  in  a  physiologically  inactive  form. 
I  he  passage  ol  a  nerve  impulse  is  required  for  the  liberation  of 
the  transmitter  in  a  physiologically  effective  state.  Dale  has 
suggested  that  nerve  fibres  which  form  and  liberate  A.Ch.  should 
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ANTI-CHOLINESTERASE  DRUGS 

be  termed  “cholinergic”,  and  that  those  which  form  and  liberate 
adrenaline  should  be  called  “adrenergic.” 

The  factors  to  be  considered  in  relation  to  the  action  of  chemical 
transmitters  will  now  be  illustrated  by  a  discussion  of  Neuro¬ 
muscular  Tra  nsm  iss  ion. 

The  motor  nerve  fibres  to  skeletal  muscle  were  shown  by  Dale, 
Feldberg  and  Vogt  (1936)  to  be  cholinergic  in  character,  since 
motor  nerve  stimulation  caused  the  appearance  of  A.Ch.  in  the 
fluid  collected  from  the  perfused  tongue  of  the  cat.  They  calcu¬ 
lated  that  each  motor  nerve  impulse  liberated  0.00002  /xg.  of 
A.Ch.  It  was  further  shown  by  Brown,  Dale  and  Feldberg 
(1936)  that  intra-arterial  injection  of  A.Ch.  (e.g.  2  /xg.)  close  to 
the  gastrocnemius  muscle  of  the  cat  could  produce  a  contraction 
equal  in  magnitude,  though  slower  in  time  course,  to  that  which 
followed  a  motor  nerve  volley.  Buchthal  and  Lindhard  (1942) 
applied  minute  amounts  of  A.Ch.  directly  to  the  end-plate  region 
in  lizard  muscle  and  observed  a  propagated  contraction  of  the 
muscle  fibre,  which  was  not  produced  by  even  higher  concen¬ 
trations  of  A.Ch.  in  contact  with  other  parts  of  the  fibre. 

The  acceptance  of  A.Ch.  as  the  neuromuscular  transmitter 
must  also  depend  on  the  demonstration  of  mechanisms  for  its 
rapid  removal  or  inactivation.  It  is  generally  thought  that  the 
enzyme  cholinesterase  plays  the  most  important  role  m  the 
inactivation  of  liberated  A.Ch.,  but  other  factors  such  as  re¬ 
synthesis  by  the  nerve  terminals  from  which  it  was  released,  and 
diffusion  into  the  surrounding  medium,  might  also  be  of  some 
significance.  Cholinesterase  hydrolyses  A.Ch.  to  acetic  acid  and 
choline,  and  thereby  virtually  annihilates  its  powerful  physio¬ 
logical  actions.  In  skeletal  muscles  Marnay  and  Nachmansohn 
(1938)  calculated  that  there  were  sufficiently  high  concentrations 
of  cholinesterase  at  the  motor  end-plate  region  to  account  lor  t  le 
inactivation  of  A.Ch.  within  the  refractory  period  of  the  muscle. 
Burgen  (1949)  has  also  suggested  that  the  liberated  A.Ch.  is 
rendered  physiologically  inactive  as  soon  as  it  becomes  fixed  ly 
cholinesterase,  before  any  hydrolysis  takes  place  there  is  there 
fore  little  difficulty  in  accounting  for  the  very  briel  dura  ion  o 
action  of  the  A.Ch.  released  by  a  single  motor  nerve  volley. 

The  physiological  actions  of  A.Ch.  on  muscle  are  probably  due 
to  its  combination  with  specific  receptors  on _the  surface  of  th 
motor  end-plate.  The  studies  of  Eecles  and  O  Connor  (1989), 
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neuromuscular  transmission 

Eccles,  Katz  and  Kuffler  (1941)  and  Eccles  (1948)  have  demon¬ 
strated  the  existence  of  a  negative  electrical  potential  change  at 
the  end-plate  region  (“end-plate  potential,”  e.p.p.)  immediately 
following  the  arrival  of  an  impulse  at  the  motor  nerve  endings, 
and  just  preceding  the  “spike  potential”  associated  with  propagated 
muscular  contraction.  The  work  of  Kuffler  (1943)  shows  that  the 
e.p.p.  represents  a  depolarization  of  the  end-plate  membrane,  and 
that  the  depolarizing  agent  is  A.Ch.  When  the  e.p.p.  exceeds  a 
certain  critical  value  a  spike  potential  is  set  up,  and  propagated 
muscular  contraction  occurs. 


The  Action  of  Drugs  on  Neuromuscular  Transmission 

The  description  of  the  sequence  of  events  which  follows  the 
release  of  A.Ch.  from  motor  nerve  endings  reveals  possible  ways 
in  which  drugs  might  modify  the  normal  transmission  process. 

(1)  Acetylcholine  liberation  might  be  increased  or  decreased. 
It  is  doubtful  whether  any  substances  directly  increase  the 
quantity  of  A.Ch.  released  at  motor  nerve  endings,  but  it  is 
highly  probable  that  A.Ch.  liberation  is  decreased  by  procaine, 
which  acts  by  blocking  conduction  in  the  motor  nerve  fibres  or 
their  endings  (Harvey,  1939 ;  Jaco  and  Wood,  1944).  This 
action  would  account  in  part  for  the  “curare-like”  effect  of  this 
drug.  It  has  recently  been  shown  by  Burgen  et  al.  (1948)  that 
Botulinum  Toxin  also  causes  paralysis  by  diminishing  A.Ch. 
liberation  at  motor  nerve  terminals.  This  effect  differs,  however, 
li’om  that  of  procaine  in  two  ways.  Firstly,  the  toxin  develops 
its  action  very  slowly,  even  when  applied  in  high  concentrations 
directly  to  a  nerve-muscle  preparation  ;  this  is  probably  due  to 
tin  large  size  of  the  toxin  molecule,  which  is  a  protein  with  a 
molecular  weight  of  about  1,000,000.  Secondly,  the  action  of 
this  toxin  is  irreversible. 

(2)  The  activity  of  liberated  A.Ch.  might  be  modified. 

(n)  A  substance  might  react  chemically  with  A.Ch.  before  its 
arrival  at  the  end-plate  or  cholinesterase  receptors.  No  such 
action  is  known. 


(b)  The  physiological  activity  of  released  A.Ch.  could  be 
enhanced  by  any  drugs  which  reduce  its  rate  of  inactivation.  The 
an^ohnesterase  drugs,  e.g.  Physostigmine  and  Neostigmine ,  act 

___  S  '™y\b>  combmmg  with  the  enzyme  cholinesterase.  They 
apparently  become  attached  to  the  same  enzyme  receptors  by 
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which  A.Ch.  is  normally  fixed  prior  to  hydrolysis.  By  thus 
preventing  the  attachment  of  A.Ch.  to  cholinesterase,  physo- 
stigmine  allows  the  normally  liberated  physiologically  active 
A.Ch.  to  rise  to  abnormally  high  concentrations.  Acting  in  this 
way,  physostigmine  potentiates  the  muscular  response  to  motor 
nerve  stimulation  or  injected  A.Ch.  (Brown  et  al.,  1937). 


Diagram  of  Neuromuscular  Junctional 
Region 

Procaine  and  Botulinum  Toxin  block  conduc¬ 
tion  at  the  nerve  ending  (A).  Acetylcholine 
stimulates  the  motor  end  plate  (B).  Tubo- 
curarine  also  acts  at  B  to  block  the  action  ol 
A.Ch.  Potassium  (partly)  and  Adrenalini 
stimulate  the  muscle  fibre  directly  (C). 

( c )  The  physiological  activity  of  released  A.Ch.  could  be 
reduced  by  drugs  which  prevent  its  combination  with  the  specific 
motor  end  plate  receptors.  This  appears  to  be  the  mode  of  action 
of  curare  in  the  production  of  skeletal  muscular  paralysis.  It 
was  shown  by  Dale  et  al.  (1936)  that  curare  did  not  reduce  A. t  h. 
liberation  from  motor  nerve  endings  even  when  the  muscle  \n  as 
completely  paralysed.  This  mode  of  action  is  comparable  to  that 
by  which  atropine  prevents  the  action  of  A.Ch.  on  visceral  struc- 
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tures,  e.g.  heart,  intestine  and  glands.  It  is,  however,  important 
to  note  that  atropine,  in  the  usual  dose  range,  does  not  block  the 
action  of  A.C'li.  on  skeletal  muscle,  nor  does  curare  prevent  the 
visceral  effects  of  A.Ch.  These  facts  may  be  summarized  by  saying 
that  atropine  antagonizes  the  “muscarine”  actions,  and  curare 
the  “nicotine”  actions  of  A.Ch. 

(3)  The  response  of  the  muscle  fibre  itself  might  be  directly 
affected  by  drugs.  Brown  (1937)  attributed  some  of  the  potenti¬ 
ating  action  of  potassium  to  such  a  mechanism,  and  a  recent 
analysis  of  the  mode  of  action  of  adrenaline  on  skeletal  muscle 
shows  that  it  probably  acts  directly  to  increase  the  tension 
developed  in  the  individual  fibre  (Brown,  Biilbring  and  Burns, 
1948). 

Anti  cholinesterase  Drugs 

Many  substances  have  been  described  as  antagonists  of 
cholinesterase  (as  shown  by  in  vitro  studies)  but  it  is  proposed 
here  to  deal  only  with  the  really  powerful  cholinesterase  inhibi¬ 
tors  (and,  more  particularly,  the  recently  discovered  ones)  whose 
in  vitro  activity  can  be  demonstrated  in  concentrations  of  10~8 
Molar,  or  less.  The  important  members  of  this  group  are  : — 

(i)  Physostigmine,  an  alkaloid  obtained  from  Physostigma 
vene nosum  (Calabar  bean) 

(ii)  Neostigmine  (Prostigmine) 

(iii)  Diisopropylfluorophosphonate  (DFP) 

(iv)  Hexaethyltetraphosphate  (IIETP) 

(v)  Tetraethylpyrophosphate  (TEPP) 

The  formulae  of  these  compounds  are  shown  below. 


C hemical  Formulae  of  Anti-cholinesterase  Drugs 
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Tetraethylpyrophosphate  (TEPP) 

The  constitution  of  hexaethyltetraphosphate  (HETP^sstij!  uncertain. 
It  consists  of  a  mixture  of  phosphorus  esters  of  which  1  El  1  is  the  mai 


active  constituent 


Mode  of  Action 

These  drugs  all  produce  pharmacological  actions  similar  to 
those  of  A.Ch.,  and  since  they  inhibit  the  destruction  of  the  latter 
by  cholinesterase  in  vitro  it  is  natural  to  ascribe  their  actions 
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in  vivo  to  this  property.  The  preservation  of  A.Ch.  by  physostig- 
mine  in  perfused  animal  tissues  was  an  essential  part  of  the  work 
which  established  the  importance  of  A.Ch.  as  a  chemical  trans¬ 
mitter,  and  it  has  been  shown  that  the  other  drugs  mentioned  can 
also  inhibit  the  in  vivo  destruction  of  A.Ch.  The  only  question 
still  at  issue  is  whether  these  substances  also  produce  effects  by 
actions  independent  of  their  anti-cholinesterase  properties. 

The  chemical  structure  necessary  for  anti-cholinesterase  activity 
is  not  clear.  It  was  originally  suggested  by  Stedman  and  Stedman 

O 

\  11 

(1931)  that  the  presence  of  the  urethane  group  X  N — C — O, 

as  found  in  physostigmine  and  neostigmine,  was  essential,  but  the 
powerful  inhibition  of  cholinesterase  by  DFP,  and  the  alkyl- 
polyphosphates,  HETP  and  TEPP,  which  contain  no  urethane 
group,  shows  that  other  possibilities  must  be  considered. 

Types  of  Cholinesterases 

The  correlation  of  in  vitro  inhibition  of  cholinesterase  with  the 
in  vivo  pharmacological  actions  of  anti-cholinesterase  drugs  has 
recently  become  more  complicated  with  the  discovery  of  at  least 
two  types  of  cholinesterase  in  body  fluids  and  tissues.  Mendel 
and  Rudney  (1943)  have  shown  the  existence  of  two  enzymes, 
“True  and  “Pseudo”-eholinesterase  [which  appear  to  correspond 
to  “acetylcholinesterase”  and  “cholinesterase”  described  by 
Nachmansohn  and  Augustinsson  (1948)].  True  cholinesterase 
acts  best  on  low  concentrations  of  A.Ch.,  and  also  readily  hydro¬ 
lyses  acetyl-/3-methylcholine.  but  not  benzoylcholine,  whereas 
pseudo-cholinesterase  acts  best  on  high  concentrations  of  A.Ch. 
and  readily  hydrolyses  benzoylcholine,  but  not  acetyl-£- 
methylcholine.  The  distribution  of  these  two  varieties  of  cholines¬ 
terase  is  important  in  relation  to  the  mode  of  action  of  anti¬ 
cholinesterase  drugs.  The  pseudo-form  is  found  mainly  in  plasma 
and  is  probably  of  little  physiological  importance  ;  the  true  form 
occurs  in  erythrocytes,  brain,  muscle  and  other  tissues  and  is 
obviously  adapted  to  deal  with  the  A.Ch.  released  at  cholinergic 
nerve  endings.  By  using  acetyl-^-methylcholine  and  benzoyl- 
choline  as  substrates,  in  vitro  studies  can  indicate  the  relative 


anti  cholinesterase  drugs 


proportions  of  the  two  cholinesterases  in  the  tissue  under  investiga¬ 
tion. 

In  assessing  the  mode  of  action  of  anti-cholinesterase  drugs  the 
possibility  of  differential  inhibition  of  the  two  forms  of  cholines¬ 
terase  must  be  considered.  It  has  been  found,  for  example,  by 
Hawkins  and  Mendel  (1947)  that  DFP  is  100  times  more  powerful 
an  inhibitor  of  pseudo-  than  of  true  cholinesterase,  so  it  is  not 
surprising  that  Mazur  and  Bodansky  (194G)  observed  no  symptoms 
in  man  even  when  DFP  had  produced  99  per  cent  inhibition  of 
plasma  cholinesterase  activity.  Hawkins  and  Mendel  (1947)  noted 
symptoms  in  rabbits  only  when  the  true  plasma  esterase  activity 
was  depressed  to  about  25  per  cent  of  its  original  level,  and 
similar  values  for  brain  cholinesterase  inhibition  in  relation  to 
symptoms  in  rats  were  recorded  by  Koelle  and  Gilman  (1946). 
Biker  and  Weseoe  (1949)  have  studied  quantitatively  the  relation 
between  cholinesterase  inhibition  and  physiological  response  in 
the  submaxillary  gland  of  cats.  After  administration  of  DFP.  up 
to  50  per  cent  of  the  glandular  cholinesterase  could  be  inhibited 
without  affecting  the  response  to  nerve  stimulation.  With  more 
than  50  per  cent  inhibition  there  were  signs  of  enhanced  secretory 
activity  in  response  to  nerve  stimulation,  and  when  90  per  cent 
of  the  glandular  cholinesterase  was  inactivated  spontaneous 
salivary  secretion  set  in.  It  would  be  interesting  so  to  correlate 
increasing  degrees  of  cholinesterase  inhibition  with  functional 
activity  in  other  organs.  When  DFP  is  injected  into  the  body, 
it  will  combine  firstly  with  pseudo-cholinesterase  in  the  blood 
and  tissues,  and  only  when  this  is  “saturated  will  it  react 
significantly  with  true  cholinesterase  and  lead  to  A.Ch.  accumula¬ 
tion  at  cholinergic  nerve  endings.  Burgen  (1948)  has  shown  that 
in  vitro,  physostigmine,  neostigmine  and  TEPP  also  combine 
more  readily  with  pseudo-  than  with  true  cholinesterase,  but 
the  differences  in  affinity  are  less  than  with  DFP. 


Duration  of  Anti-cholinesterase  Drug  Action 

Burgen  (1949)  has  described  in  vitro  studies  of  the  kinetics 
of  cholinesterase  inhibition  which  explain  the  differences  in 
duration  of  action  of  the  various  anti-cholinesterase  drugs. 
Physostigmine  and  neostigmine  show  typically  what  is  described 
as  competitive  reversible  inhibition  ol  cholinesterase  ;  these  drugs 
arc  thus  readily  removed  from  their  combination  with  cholines- 
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terase,  leaving  the  enzyme  unchanged,  so  their  duration  ol  action 
is  brief.  On  the  other  hand  1)FP  and  TEPP  appear  to  react  with 

cholinesterase  in  two  stages  : — 

(1)  A  reversible  competitive  combination  which  precedes 

(2)  An  irreversible  inactivation  ol  the  enzyme,  which  is  res¬ 
ponsible  for  the  prolonged  duration  of  action  of  these  compounds. 
Recovery  of  cholinesterase  activity  in  this  case  depends  on 
synthesis  of  new  enzyme.  The  initial  combination  between  DFP 
(or  TEPP)  and  cholinesterase  is  inhibited  by  the  presence  of 
physostigmine  or  neostigmine.  This  antagonism  has  also  been 
shown  to  occur  in  vivo  (Koster  1946  ;  Hobbiger,  1949)  and  will  be 
discussed  further  in  the  account  of  myasthenia  gravis.  DFP  is 
even  longer  acting  than  TEPP  ;  this  is  related  to  differences  in 
properties  between  the  diisopropyl  and  diethylphosphoryl  radicals 
(Burgen  1949). 

These  in  vitro  studies  of  the  actions  of  anti-cholinesterase  drugs 
would  seem  to  support  strongly  the  view  that  their  pharmaco¬ 
logical  actions  in  vivo  are  due  to  inhibition  of  cholinesterase. 
Certain  differences  between  members  of  the  group  may  be  due  to 
differences  in  distribution  in  the  body,  which  in  turn  may  be 
related  to  differences  in  physical  properties,  e.g.  lipoid  solubility. 
There  are,  however,  some  facts  which  suggest  that  anti-cholin¬ 
esterase  drugs  may  act  independently  of  their  esterase  inhibiting 
properties.  For  instance,  Riker  and  Wescoe  (1946)  observed  a 
contracture  in  the  denervated  cat  gastrocnemius  following  intra¬ 
arterial  injection  of  2 5fxg.  of  neostigmine,  after  40  times  this  dose 
ol  DFP  had  produced  no  effect.  This  suggests  that  neostigmine 
may  have  a  direct  stimulating  action  on  skeletal  muscle. 


General  Account  of  the  Actions  of 
DFP  DFP,  HETP  and  TEPP 

Diisopropylfluorophosphonate  was  first  prepared  in  1942  by 
MeCombie  and  Saunders  after  it  had  been  shown  by  Adrian, 
r  eldberg,  Kilby  and  Kilby  (1941)  that  dimethyllluorophosphonate 
was  a  cholinesterase  inhibitor,  and  that  its  pharmacological 
actions  resembled  those  of  other  anti-cholinesterase  drugs  such 
as  physostigmine.  Exposure  to  the  vapours  of  these  fluoro- 
phosphonates  in  man  produced  a  long-lasting  miosis,  ciliary 
spasm,  and  respiratory  difficulty  attributable  to  bronchiolar 
muscle  spasm  (Adrian  et  al.,  1947). 
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Studies  ot  the  actions  of  DFP  in  animals  have  revealed  the 
muscarinic  and  nicotinic  types  of  effect  seen  with  physostigmine. 
In  dogs  and  cats,  for  example,  the  muscarinic  actions  include 
profuse  salivation,  increased  secretion  in  the  glands  of  the  res¬ 
piratory  tract,  bronchospasm,  and  hyperperistalsis  leading  to 
defecation  ;  the  nicotinic  elfects  include  muscular  twitching  and 
tremors,  which  may  be  followed  by  convulsions  due  to  stimulation 
of  the  central  nervous  system. 

Hey  mans  and  Jacob  (1947)  noted  an  important  difference 
between  DFP  and  physostigmine  in  the  anaesthetized  dog. 
Physostigmine  was  shown  to  potentiate  the  bradycardia  which 
follows  vagal  stimulation  whereas  DFP  had  no  such  action,  even 
when  the  cholinesterase  activity  of  heart  muscle  had  been  almost 
abolished. 


DFP  on  Neuromuscular  Transmission 

I.  Actions  in  the  Cat.  The  actions  of  DFP  on  neuromuscular 
transmission  have  been  studied  by  Brown,  Burns  and  I eldberg 
(1948).  They  observed  that  DFP  produced  much  less  muscular 
twitching  and  fibrillation  than  physostigmine.  In  decerebrate  cats 
close  arterial  injection  of  200  jag.  of  DFP  produced  an  increase  in 
the  tension  developed  by  the  tibialis  anterior  muscle  (stimulated 
maximally  through  its  motor  nerve  at  10  sec.  intervals),  compar¬ 
able  to  that  produced  by  arterial  injection  of  20  /xg.  of  physostig¬ 
mine  (Bacq  and  Brown,  1937).  The  actions  of  DFP  are,  however, 
qualitatively  verv  similar  to  those  of  physostigmine ;  the 
repetitive  contraction  following  a  single  motor  nerve  volley  (which 
is  responsible  for  the  potentiation),  the  production  of  a  poorly 
sustained  contraction  with  high  frequency  stimulation,  and  the 
depressed  response  to  single  nerve  volleys  after  arterial  injections 
of  A.Ch.,  are  seen  with  both  drugs.  Physostigmine  and  1)1  P  are 
about  equally  active  against  true  cholinesterase  (Burgen,  1948). 
It  was  found  by  Hunt  (1947)  that  DFP  was  less  effective  than 

neostigmine  as  an  antagonist  to  curare. 

1 1 .  Actions  in  Normal  Man.  The  actions  of  A.C'h.,  neostigmine 
and  DFP  on  neuromuscular  transmission  in  normal  man  have  been 
fullv  studied  by  Ilarvey  and  his  colleagues  (1941,  1946) 

(i)  Rapid  injection  of  A.Ch.  (10-50  mg.)  into  the  brachial 
artery  produced  flushing  and  profuse  sweating  m  the  area  ot 
distribution  of  this  artery.  Excruciating  pain  lasting  about  10  sec. 


DFP  AN1)  ELECTROMYOGRAM 
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was  felt  in  the  hand  and  forearm  ;  at  the  same  time,  but  outlasting 
the  pain  by  10-20  sec.,  muscular  power  was  greatly  reduced,  with 
complete  recovery  in  30-60  sec.  This  would  seem  to  be  an  example 
of  the  well-known  depressant  effect  of  high  concentrations  of 
A.Ch.  Brief  localized  twitches  in  palms  and  forearm  muscles 
were  also  seen. 

(2)  Neostigmine.  Intra-arterial  injection  of  0.2-1. 5  mg.  of 
neostigmine  (after  1-2  mg.  of  atropine)  produced  slight  flushing 
of  the  skin,  very  little  sweating  and  no  pain.  There  was,  however, 
profound  weakness  of  finger,  hand,  and  wrist  movements,  so  that 
for  1-3  minutes  the  subject  could  not  grip  the  dynamometer. 
Power  began  to  return  in  5  minutes  and  was  normal  in  20-45 
minutes.  Muscular  fasciculations  (i.e.  spontaneous,  small,  irregular 
twitehings)  appeared  within  15  sec.  of  the  injection  and  lasted 
10-30  minutes. 

The  electromyogram  of  the  hypothenar  muscles  was  recorded 
in  these  experiments  by  means  of  a  surface  electrode,  and  the 
ulnar  nerve  was  stimulated  supramaximally  at  the  elbow.  In 
the  normal  state  a  single  motor  nerve  volley  produced  a  single 
diphasic  potential  response  of  constant  size/  After  neostigmine 
a  single  nerve  volley  produced  a  repetitive  discharge,  consisting 
of  3  or  4  potentials  of  progressively  diminishing  magnitude. 

hen  two  nerve  volleys  were  given  close  together  (e.g.  10—100 


rp.  j  r 

lne  reaction  of  neostigmine  with 
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cholinesterase  is  easily  reversible  and  its  duration  of  action 
correspondingly  brief. 

The  actions  of  A.Ch.,  neostigmine  and  DFP  in  myasthenia  gravis 
will  be  discussed  later. 

DFP  on  the  Central  Nervous  System 

The  production  of  convulsions  with  large  doses  of  DFP  in 
animals  has  been  described.  A  detailed  investigation  of  the 
effects  of  intravenous  and  intrathecal  administration  of  DFP 
on  the  knee  jerk,  and  extensor  and  llexor  reflex  of  the  cat,  has  been 
reported  by  Chennells  and  Wright  (1947).  They  demonstrated  a 
central  stimulant  action  very  similar  to  that  of  physostigmine. 
It  was  suggested  by  Schweitzer  et  al.  (1939)  that  the  central 
nervous  stimulant  actions  of  physostigmine  were  related  to  its 
being  a  tertiary  amine,  which  in  the  free  base  form  is 
lipoid  soluble  and  can  therefore  penetrate  into  the  interior  of  the 
nerve  cell.  The  central  nervous  depressant  action  of  neostigmine,  a 
quaternary  ammonium  compound  with  negligible  lipoid  solubility, 
might  be  due  to  its  inability  to  pass  through  the  nerve  cell 
membrane.  Thus  the  hypothesis  suggested  that  intracellular 
A.Ch.  was  stimulant  to  nerve  cells,  whereas  extracellular  A.Ch. 
was  depressant.  In  this  connection  it  is  interesting  to  note  that 
DFP  is  lipoid  soluble,  and,  as  described  above,  it  is  a  central 

convulsant.  _  . 

The  actions  of  DFP  on  the  electroencephalogram  (EEG)  in  man 

have  been  described  by  Grob  et  al.  (1946).  After  a  few  days 
administration  of  1-2  mg.  of  DFP  daily  there  was  usually  some 
increase  in  electrical  activity  in  the  EEG  (greater  variations  in 
potential,  increased  frequency  of  £  waves,  and  the  appearance  of 
high  voltage  waves  at  frequencies  of  3-6  per  sec.).  These  signs  were 
usually  associated  with  central  nervous  symptoms  such  as 
excessive  dreaming,  nightmares,  insomnia  and  restlessness,  it  was 
reported  that  the  EEG  changes  were  inhibited  by  intravenous 
in  jection  of  1  .2  mg.  of  atropine,  and  that  this  drug  could  also  delay 
the  onset  of  central  nervous  symptoms. 

General  Actions  of  HETP  and  TEPP 

The  condensed  alkyl  phosphates  HETP  and  I  ld’P  "ere  int™‘ 
duced  in  Germany  during  the  war  as  n«ectlc1des  (Schrader  l»  7) 
and  it  lias  been  shown  by  Ludvik  and  Decker  (194, )  that  they  are 
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many  times  more  potent  than  nicotine  against  aphides.  They  are 
powerful  inhibitors  of  cholinesterase,  HETP  being  as  potent  as 
physostigmine,  neostigmine  and  DFP  against  the  true  enzyme  , 
TEPP  is  about  four  times  as  powerful  (Burgen,  1948). 

These  compounds  produce  similar  symptoms  and  signs  to 
those  described  following  DFP  administration.  Burgen  et  al. 
(1949)  showed  that  these  substances  potentiated  the  effects  of 
vagus  stimulation  on  the  heart,  chorda  tympani  nerve  stimula¬ 
tion  on  salivary  secretion,  and  preganglionic  sympathetic  nerve 
stimulation  on  the  nictitating  membrane  response.  They  also 
enhanced  the  actions  of  injected  A.Ch.  on  these  organs,  hence  their 
effects  could  well  be  due  to  their  anti-cholinesterase  properties. 
HETP  and  TEPP  have  a  longer  duration  of  action  than  physostig¬ 
mine  and  neostigmine,  but  shorter  than  that  of  DFP. 

Chennells  et  al.  (1949)  have  studied  the  actions  of  HETP  and 
TEPP  on  neuromuscular  transmission  and  on  the  central  nervous 
system.  Both  substances  increased  the  muscular  tension  response 
to  motor  nerve  stimulation  and  produced  repetitive  electrical 
potentials  (cf.  DFP).  They  also  antagonized  the  action  of  curare. 
On  the  central  nervous  system  they  were  both  convulsant  (TEPP 
is  lipoid  soluble,  though  less  so  than  DFP)  and  they  facilitated 
and  prolonged  such  reflexes  as  the  knee  jerk,  flexor  and  extensor 
reflex. 

Grob  and  Harvey  (1949)  have  shown  that  arterial  injection  of 
TEPP  (0.25-2.5  mg.)  produced  in  normal  persons  marked  mus¬ 
cular  fasciculations  and  weakness,  which  lasted  about  twice  as  long 
as  after  neostigmine.  The  electromyographic  changes  were 
similar  to  those  seen  with  neostigmine  and  DFP. 


The  Actions  of  Anti-cholinesterase  Drugs 
in  Myasthenia  Gravis 

asthenia  gravis  is  a  disease  characterized  by  a  gradually 
developing  weakness  of  the  muscles  of  the  body.  ‘  The  muscles 
supplied  bj  cranial  nerves,  e.g.  levator  palpebri  superioris,  external 
ocular,  facial,  palatal,  pharyngeal,  laryngeal  and  neck  muscles 
are  usually  the  first  to  be  affected,  then  limb  muscles,  abdominal 
muscles,  mtercostals  and  the  diaphragm  are  involved  in  that 
order  In  normal  subjects  these  muscles  show  the  same  order  of 
susceptibility  to  the  action  of  curare. 

I  he  cause  of  myasthenia  gravis  is  not  yet  clear,  but  on  the 
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tlieoij  that  A.C  li.  is  the  chemical  transmitter  at  the  neuromuscular 
junction  the  following  possibilities  must  be  considered 

(i)  1  her e  might  be  an  increase  in  cholinesterase  activity  in  the 
affected  muscles.  Evidence  in  support  of  this  view  cannot  be 
regarded  as  satisfactory. 

(ii)  there  might  be  a  diminished  release  of  A.Ch.  at  motor 
ntr\e  endings.  llarvey  and  Lilienthal  (1941)  reported  that 
injection  of  A.Ch.  into  the  brachial  artery  of  patients  with  myas¬ 
thenia  gravis  produced  a  violent  contraction  of  the  flexor  muscles 
of  lingers,  hand  and  wrist.  1  his  response  was  quite  different  from 
the  paralytic  effect  of  arterial  A.Ch.  in  normal  subjects  (Harvey 
etui.,  1941).  1  hese  authors  therefore  suggested  that  in  myasthenia 
gravis  there  was  diminished  A.Ch.  liberation  at  motor  nerve 
endings,  and  that  the  muscle  was  thereby  sensitized  to  the  action 
of  A.Ch.  However,  Wilson  and  Stoner  (1947)  and  Aeheson  et  al. 
(1948)  observed  muscular  contractions  after  arterial  injection  of 
A.Ch.  as  frequently  in  normal  subjects  as  in  myasthenic  patients  ; 
the  evidence  to  support  the  hypothesis  of  reduced  liberation  of 
A.Ch.  at  motor  nerve  endings  is  thus  very  doubtful. 

(iii)  The  close  resemblance  between  the  paralysis  of  myasthenia 
gravis  and  that  produced  by  curare  was  noted  by  Walker  (1984), 
who  later  (1938)  provided  some  indirect  evidence  that  active 
contractions  of  muscles  in  myasthenic  patients  caused  the  libera¬ 
tion  into  the  blood  stream  of  a  curare-like  substance  ;  Wilson  and 
Stoner  (1944)  claimed  that  the  blood  of  myasthenics  (after 
muscular  activity)  contained  a  substance  capable  of  depressing 
neuromuscular  conduction  in  the  frog’s  sciatic  nerve-gastrocnemius 
preparation.  This  latter  work  has  been  criticized  on  experimental 
grounds,  but  the  possibility  that  some  eurare-like  agent  is  res¬ 
ponsible  for  myasthenic  paralysis  would  appear  to  be  the  most 
fruitful  line  for  future  investigations.  This  view,  which  is  com¬ 
patible  with  the  well  known  hyper-sensitivity  of  myasthenic 
patients  to  the  paralysing  action  of  curare,  is  supported  by  some 
recent  observations  of  Buchthal  and  Engbaek  (1948).  lhese 
authors  found  that  myasthenic  patients  showed  a  raised  threshold 
for  the  motor  response  produced  by  arterial  injection  ol  A.Ch. 

Whatever  the  nature  of  the  abnormality  in  myasthenia  gra\is, 
there  is  no  question  that  anti-cholinesterase  drugs  can  restore 
muscular  power  in  a  most  remarkable  way.  'Ibis  was  lirst  shown 
by  Walker  (1934)  with  physostigmine,  and  subsequently  with 
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neostigmine  which,  because  of  its  fewer  side  actions,  became  the 
drug  of  choice  in  this  condition.  More  recently  it  has  been  shown 
that  other  anti-cholinesterase  drugs  such  as  DFP,  HETP,  and 
TEPP  can  also  restore  muscular  power  in  this  disease. 


A 


Fig.  2 

Electromyogram  in  Myasthenia  Gravis  (see  text) 

A.  Normal  Control. 

B.  Myasthenia  Gravis,  before  injection  of 
neostigmine. 

C.  Myasthenia  Gravis,  30  minutes  after  injec¬ 
tion  of  neostigmine.  ^ 

(After  Harvey  and  Masland,  1941.) 

Actions  of  Anti-cholinesterase  Drugs  on  th*  pi  * 
gram  in  Myasthenia  Gravis  g  h  Electromyo- 


nerve  in  myasthenic  subjects,  surface  electrodes  being  used  both 
for  stimulation  and  recording.  The  results  were  as  follows : 
(1 )  the  action  potential  produced  by  a  single  maximal  nerve  volley 
was  of  normal  size  and  contour,  (2)  when  pairs  of  stimuli  were 
applied  (interval  of  e.g.  20-100  msec,  between  stimuli),  the  second 
poti  ntial  response  was  smaller  in  magnitude  and  shorter  in  dura¬ 
tion  than  the  first.  This  abnormal  response  suggests  that  the 
second  stimulus  could  not  excite  all  the  muscle  fibres.  (3)  The 
most  characteristic  abnormality  ol  the  myasthenic  electromyo¬ 
gram  was  the  response  to  repetitive  nerve  stimulation  at  high 
rates,  e.g.  50/sec.  In  normal  subjects  the  muscle  potentials  were 
of  constant  amplitude  throughout  the  tetanus,  but  in  myasthenics 
the  tetanic  muscle  potentials  diminished  progressively  in  size, 
till  at  the  tenth  response  the  amplitude  was  about  40  per  cent  of 
that  of  the  first  in  the  series  (Fig.  2). 

1  wenty  to  thirty  minutes  after  subcutaneous  injection  of 
neostigmine  in  a  myasthenic  patient  all  electromyographic 
abnormalities  were  completely  eliminated. 

Harvey  et  al.  (1047)  recorded  a  similar  electromyographic 
response  after  intra-arterial  injection  of  DFP  in  myasthenia  gravis, 
the  maximum  effect  occurring  four  hours  after  injection. 

Intra-arterial  Injection  of  Anti-cholinesterase  Drugs  in 
Myasthenia  Gravis 

Neostigmine.  The  effects  of  intra-arterial  injection  of  neostig¬ 
mine  in  normal  subjects  have  already  been  described.  In 
myasthenics,  injection  of  0.5-3  mg.  of  neostigmine  into  the 
brachial  artery  was  found  by  Ilarvey  and  Lilienthal  (1041)  to 
produce  immediate  restoration  of  muscular  power  in  the  injected 
region,  and  2-5  minutes  later  increased  power  in  the  muscles  of 
the  rest  of  the  body.  The  maximum  effect  was  seen  in  5-10 
minutes  and  the  total  duration  was  3-5  hours.  There  were  usually 
no  muscular  fasciculations  such  as  follow  intra-arterial  injection 
of  neostigmine  into  normal  muscle. 

DFP.  Harvey  et  al.  (1041)  showed  that  arterial  injection  of 
DFP  (0.5-1. 5  mg.)  produced  an  increase  in  muscular  power 
(maximal  in  15  minutes),  but  no  fasciculations,  in  the  injected 
area.  Unlike  neostigmine,  however,  arterial  injection  ol  1)1'  P  had 
no  effect  on  muscular  power  in  other  parts  of  the  body  ;  this  is 
probably  due  to  rapid  inactivation  of  D1  P  by  an  enzyme  present 
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in  the  blood  (Mazur,  1946).  The  prolonged  inactivation  of  cholin¬ 
esterase  by  DFP  probably  accounts  for  its  amazing  duration  of 
action  on  muscular  power,  up  to  many  weeks  after  a  single  arterial 
injection  (compared  with  about  six  hours  for  neostigmine). 

Harvey  and  his  colleagues  recorded  some  interesting  responses 
when  both  neostigmine  and  DFP  were  given  by  arterial  injection 
to  the  same  myasthenic  patient.  If  DFP  was  given  first,  the 
effect  of  a  subsequent  injection  of  neostigmine  was  either  to 
increase  muscular  power  still  further  (when  the  DFP  improvement 
was  only  partial)  or  to  decrease  muscular  power  as  in  a  normal 
subject.  Thus  DFP  followed  by  neostigmine  appeared  to  have 
additive  effects.  If,  however,  neostigmine  was  given  first,  a  subse¬ 
quent  injection  of  DFP,  at  the  height  of  the  neostigmine  response, 
had  no  effect  whatever,  either  on  intensity  of  response,  or  on 
duration  of  action.  In  fact  the  response  was  identical  with  that 
produced  by  neostigmine  alone,  a  finding  which  suggests  that  this 
drug  in  some  way  prevents  the  combination  of  DFP  with  cholin¬ 
esterase.  Koelle  (1946)  has  shown  that  neostigmine  reduces  the 
cholinesterase  inhibiting  action  of  DFP  in  vitro,  and  Koster  (1946) 
has  found  that  physostigmine  has  a  protective  action  against 
DFP  poisoning  in  cats.  The  mechanisms  of  these  actions  have 
been  discussed  by  Burgen  (1949). 

TEPP.  Grob  and  Harvey  (1949)  found  that  arterial  injection 
of  TEPP  in  myasthenic  patients  produced  an  increase  in  muscular 
power  (without  fasciculations)  which  was  maximal  within  ten 
minutes  oi  the  injection.  As  with  neostigmine,  the  increase  in 
power  was  not  confined  to  the  injected  region.  TEPP  also  restored 
to  normal  the  electromyographic  response  to  ulnar  nerve  stimula¬ 
tion  at  10-50  cycles/sec.  As  with  DFP,  neostigmine  blocked  these 
actions  of  TEPP. 


Therapeutic  Effects  of  DFP  in  Myasthenia  Gravis 

Comroe  etal.  (1946)  gave  DFP  (made  up  in  peanut  oil)  to  seven 
patients  with  myasthenia  gravis.  Intramuscular  injection  of  2-3 
mg.  of  DF  P  produced  effects  for  24  hours.  Three  of  the  patients 

,C”flderab!e  subi“«ve  and  objective  improvement,  two 
showed  little  or  no  benefit,  and  in  two  the  effects  were  obscured  by 

Datientnfrs  ;'ar'(atlons  in  the  comse  of  the  disease.  In  one 

cholinesterns  ,  7'“  W“h  DFP  for  one  month.  "hen  the  plasma 

cholinesterase  level  was  zero  and  the  red  cell  cholinesterase  value 
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was  14  per  cent  of  normal,  there  was  extreme  muscular  weakness 
which  was  rapidly  and  markedly  relieved  by  injection  of  1  mg. 
of  neostigmine  methyl  sulphate.  These  authors  were  of  the  opinion 
that  neostigmine  has  some  direct  stimulant  action  on  striped 
muscle  in  addition  to  any  effect  due  to  its  anti-cholinesterase 
properties  (cf.  Hiker  and  Wescoe,  1946). 

They  also  suggested  that  DFP  and  neostigmine  might  be 
distributed  differently  in  the  body  and  that  this  might  be  related 
to  the  lipoid  solubility  of  DFP,  and  the  water  solubility  of  neo¬ 
stigmine  (cf.  Schweitzer  et  al.,  1939). 

Harvey  and  his  colleagues  (1946)  administered  DFP  in  daily 
doses  of  0.5-2  mg.  to  ten  patients  with  myasthenia  gravis.  In 
nine  of  the  ten  patients  DFP  was  regarded  as  inferior  to  neostig¬ 
mine,  though  it  did  allow  some  reduction  of  neostigmine  dosage  ; 
its  one  advantage  was  that  owing  to  its  prolonged  action,  it 
produced  greater  strength  in  the  mornings  than  occurred  with 
neostigmine  alone.  In  no  ease  did  the  maximal  beneficial  effects  of 
DFP -f- neostigmine  exceed  those  of  neostigmine  alone.  DIP 
produced  marked  side  effects  on  the  central  nervous  system  and  on 
the  gut. 

It  is  clear  from  these  results  that  DFP  is  not  a  satisfactory 
drug  in  the  treatment  of  myasthenia  gravis. 


HETP  in  Myasthenia  Gravis 

Westerberg  and  Luros  (1948)  gave  IIKTP  to  reinforce  the 
effects  of  neostigmine  in  four  patients  with  myasthenia  gra\  is. 
They  gave  intramuscular  injections  ot  up  to  0.86  mg.  kg.  body 
weight  at  3-4  day  intervals,  and  in  this  way  the  prolonged  action 
of  the  drug  helped  to  maintain  muscular  power  at  a  much  more 
satisfactory  level  than  with  neostigmine  alone.  The  toxic  actions 
of  HETP  were  generally  similar  to  those  of  DFP  and  included 
the  typical  muscarinic,  nicotinic  and  central  nervous  effects. 

TEPP  in  Myasthenia  Gravis 

Burgen  et  al.  (1948)  have  described  the  effects  of  TEPP  in  three 
patients  with  myasthenia  gravis.  TEPP  is  more  suitable  than 
HETP  for  therapeutic  use  as  it  is  a  pure  substance.  It  was  tound 
to  be  about  ^  to  \  as  potent  as  neostigmine  but  its  action  was  much 
more  prolonged  (up  to  about  48  hours).  Repeated  doses  produced 
cumulative  effects  which  allowed  a  more  constant  effect  on 
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muscular  power,  but  at  the  same  time  predisposed  to  visceral  and 
central  nervous  toxic  effects  resembling  those  of  neostigmine.  One 
of  the  patients  had  insomnia  and  nightmares  (cf.  DFP)  but  these 
were  readily  controlled  by  barbiturates  (though  not  by  atropine). 
TEPP  was  effective  by  mouth,  10  mg.  being  equivalent  to  about 
100-150  mg.  of  neostigmine  by  this  route.  After  initial  administra¬ 
tion  of  TEPP  by  injection,  an  oral  maintenance  dose  of  8-18 
mg.  daily  was  established.  Further  unpublished  observations  have 
shown  that  TEPP  is  definitely  less  effective  than  neostigmine  in 
some  cases,  particularly  where  muscles  supplied  by  cranial  nerves 
are  predominantly  or  solely  involved.  TEPP  may  also  sometimes 
depress  respiration  by  mechanisms  which  are  not  yet  clear. 

Grob  and  Harvey  (1949)  have  also  reported  on  the  therapeutic 
use  of  TEPP  in  myasthenia  gravis.  They  found  that  TEPP  could 
produce  as  much  increase  in  muscular  strength  as  neostigmine. 
After  an  initial  build-up  by  oral  administration  or  intramuscular 
injection,  they  gave  a  daily  maintenance  dose  of  about  16  mg.  by 
mouth  or  4.8  mg.  by  injection  (in  both  cases  in  divided  doses). 
The  margin  of  safety  with  TEPP  was  very  small  ;  over-dosage 
produced  muscular  weakness  as  well  as  the  side  effects  previously 
mentioned.  Grob  and  Harvey  found  TEPP  preferable  to  neostig¬ 
mine  in  9  of  12  patients. 

To  summarize,  the  actions  of  TEPP  in  myasthenia  gravis  are 
sometimes  as  good  as  those  of  neostigmine,  and  when  it  is  effective 
its  prolonged  action  maintains  muscular  power  much  more  evenly 
than  with  neostigmine.  However,  its  actions  are  not  so  certain 
as  those  of  neostigmine,  and  it  has  a  very  small  margin  of  safety. 


DFP  on  Intestinal  Motility.  Action  in  Abdominal 
Distention 


Grob  et  al.  (1947)  recorded  intestinal  activity  in  normal  subjects 
7  ™^ns  of  a  balloon  attached  to  a  Miller- Abbott  tube.  1-3  mg. 
of  DF I  intramuscularly  produced  a  marked  increase  in  motility  of 
small  and  large  gut,  commencing  in  1  hour  and  lasting  2-5  hours. 
Atropine  antagonized  this  effect  of  DFP  (it  also  prevents  this 
action  of  neostigmine,  HETP  and  TEPP).  24-40  hours  after  a 
mgle  injection  of  DFP  there  was  marked  sensitization  to  the  gut 

“«°nk°f  ne0Stigmine'  vasopressin,  morphine  Ind 
moking.  1  his  sensitization  lasted  1-3  weeks 

DFP  was  found  to  be  very  effective  in  64  cases  of  abdominal 
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distension  tine  to  various  causes.  In  the  milder  cases  a  single 
injection  of  2  mg.  produced  flatus  in  1-2  hours  and  a  bowel  action 
in  2-8  hours.  More  severe  cases  responded  to  DFP  followed  by 
neostigmine  or  vasopressin,  or  to  repeated  injections  of  1  mg.  of 
DFP  at  12  hourly  intervals. 

Quilliam  and  Quilliam  (1949)  have  also  recorded  the  beneficial 
use  of  DFP  in  postoperative  paralytic  ileus,  and  Arneil  and 
Douglas  (1949)  have  described  its  effectiveness  in  removing  flatus. 

Grob  and  Harvey  (1949)  found  TEPP  much  less  active  than 
DFP  on  the  bowel. 

DFP  on  the  Eye.  Use  in  Glaucoma 

Leopold  and  Comroe  (1946)  have  studied  the  actions  of  DFP  on 
the  normal  eye  in  man,  and  have  made  use  of  its  prolonged 
effects  in  the  treatment  of  patients  with  glaucoma. 

Normal  Eye.  The  instillation  of  a  drop  of  0.1  per  cent  DFP  in 
water  into  the  conjunctival  sac  of  the  normal  eye  produced 
constriction  of  the  pupil  in  5-10  minutes,  with  a  peak  action  in 
15-20  minutes,  and  a  total  duration  of  action  of  6-27  days  (0.1  per 
cent  DFP  was  more  potent  than  1  per  cent  physostigmine  sali¬ 
cylate  or  5  per  cent  neostigmine  bromide).  Intraocular  tension 
began  to  fall  5  minutes  after  application  of  DFP,  the  maximal 
reduction  was  seen  at  24  hours,  and  tension  was  normal  again  in 
eight  days. 

Glaucoma.  One  daily  application  of  0.05-0.1  per  cent  DFP 
was  as  effective  as,  or  better  than,  four  daily  applications  of  physo¬ 
stigmine  or  pilocarpine.  0.1  per  cent  DFP  produced  no  signs  of 
conjunctival  irritation,  but  headache,  eyeache  and  visual  blurring, 
attributable  to  ciliary  spasm,  frequently  occurred.  No  systemic 
effects  were  recorded.  Marr  (1949)  found  that  in  glaucoma  TEPP 
acted  like  DFP,  but  was  more  irritant  to  the  eye. 
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CURARE,  MEPHENESIN  (MYANESIN),  AND 
TETRAETHYL  AMMONIUM  SALTS 

lx  this  chapter  the  neuromuscular  blocking  actions  ol  curare 
and  other  drugs,  and  the  ganglionic  blocking  actions  of  tetraethyl- 
ammonium  salts  will  be  discussed.  For  convenience  the  actions  of 
meplienesin  ( myanesin )  will  also  be  described  here. 

Natural  Sources  of  Curare  and  Related  Drugs 

McIntyre  (1947)  has  given  an  excellent  review  of  the  history 
of  the  preparation  of  curare  as  an  arrow  poison  in  South  America. 
The  obscurity  of  the  botanical  origins  of  the  various  curares  still 
makes  difficult  the  interpretation  of  pharmacological  investiga¬ 
tions  of  the  crude  curare  preparations.  Boehm’s  classification  of 
the  curares  according  to  the  type  of  container  (calabash-,  pot- 
and  tube-curare)  was  certainly  helpful,  but  what  is  wanted  now 
is  knowledge  of  the  exact  botanical  sources  of  the  numerous 
curare  alkaloids,  d-tubocurarine  C’l,  which  was  first  isolated  from 
tube-curare  by  King  (1935),  was  subsequently  found  in  crude 
curare  prepared  from  the  Peruvian  plant  Chondrodendron  tomen- 
tosum  (Wintersteiner  and  Dutcher,  1943).  Even  in  this  instance, 
however,  the  issue  is  not  yet  quite  clear,  as  King,  at  a  meeting  of 
the  Chemical  Society  in  April  1948,  reported  that  the  stems  from 
one  sample  of  C  h.  tomentosum  contained  d-tubocurarine  Cl, 
whereas  those  from  another  sample  contained  Z-tubocurarine  Cl. 

Chemical  Structure  in  Relation  to  Curare-like  Action 

This  subject  has  been  extensively  reviewed  by  Craig  (1948) 
and  some  of  the  points  in  his  review  will  be  briefly  discussed. 

(1)  Peripheral  curare-like  paralysis  is  commonly  associated 
with  onium  compounds,  of  which  quaternary  ammonium  salts  are 

the  most  effective.  Ing  (1936)  has  discussed  this  group  of  sub¬ 
stances. 

(2)  A  few  nitrogen  compounds  which  are  not  quaternary  have 
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a  weak  curare-like  action.  In  general  the  conversion  of  such  a 
compound  to  a  quaternary  compound  greatly  increases  the  curare¬ 
like  action.  For  example,  Harvey  (1940)  showed  that  quinine 
methochloride  (quaternary)  had  a  stronger  curariform  action  than 
quinine  (tertiary). 

(3)  In  the  quaternary  ammonium  compounds  of  the  aliphatic 
series,  the  length  of  side  chain  has  an  extraordinary  effect  on 
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d-tubocurarine  Chloride 

The  O-dimethyl  ether  is  formed  by  substitution  of  CHS  groups  in  the 

two  ringed  II  atoms 

Erythroidine  has  the  empirical  formulae  C16II1#N03.  It  contains  a 
tertiary  N  common  to  two  rings,  a  CH3  group,  two  olefinic  double 
bonds  and  a  lactone  ring.  It  contains  an  indole  nucleus 

curariform  activity.  The  tetramethyl-  and  tetrabutyl-compounds 
are  about  equally  potent,  tetrapropyl-  is  weaker,  and  tetraethyl- 
has  practically  no  curare-like  action  at  all.  These  differences  may 
be  related  to  such  factors  as  ionic  volume  (Ing,  193G)  or  electron 

distribution  (Holmes  et  al.,  1947). 

(4)  In  the  quininium  series  increasing  the  length  ol  side  chain 
from  CH3— to  C6Hn— produces  a  progressive  increase  in  curari¬ 
form  activity. 


CURARE  ALKALOIDS 


(5)  The  erythrina  alkaloids  which  contain  tertiary  N  have  a 
powerful  curare-like  action.  Conversion  to  the  quaternary  com¬ 
pound  abolishes  curare-like  activity.  This  is  exceptional.  Dihydro- 
erythroidine  is  more  powerful  than  erythroidine. 

(6)  The  Curare  Alkaloids.  The  curare  alkaloids  are  bis- 
benzyltetrahydroisoquinoline  compounds.  Methylation  of  the 
two  free  OH  groups  in  d-tubocurarine  Cl  enhances  curare-like 
activity  about  10  times.  Ethylation  decreases,  and  butylation 
abolishes  the  action,  l-curarine  dimethiodide  is  nearly  as  potent  as 
d-tubocurarine  Cl ;  methylation  of  its  two  free  OH  groups  increases 
its  potency  about  3|  times. 

d-chondrocurarine  Cl  is  about  three  times  as  potent  as  d- 
tubocurarine  Cl. 

d-N-methylisochondrodendrine  is  1/20  as  potent  as  d-tubocurarine 
Cl. 

(The  above  potency  comparisons  are  based  on  the  rabbit  head 
drop  test.) 

A  compound  closely  related  chemically  to  d-tubocurarine. 
N-methyloxyacanthine,  has  been  studied  by  Marsh  et  al.  (1949)! 
who  found  that  it  was  about  half  as  potent  as  d-tubocurarine. 
and  that  it  also  had  a  weak  atropine-like  action. 


Methods  for  Testing  Curare-like  Actions  of  Drugs 

Since  the  introduction  of  curare  as  an  adjunct  to  general 
anaesthesia  by  Griffith  and  Johnson  (1942)  the  search  for  new 
compound  with  a  greater  safety-margin  than  d-tubocurarine  has 
mid  thefon  accurate  methods  of  assaying  curare-like  action. 

have  bLnX'loyeT  '  pr°°edures  which 

.j/,1/.  ,l‘ad  Dr°p •  This  method  was  introduced  br¬ 

ay  (  ennett,  194,0).  It  depends  on  the  weakness  of  the  neck 

muscles  produced  after  intravenous  iniection  of  Hip  i 
amesthetized  rabbits  ;  the  head  dr^fo/warf  1  clmtT 

"H/ad°Dro  n1>’U  a  tnn  °f  th<!  animaL  d-tubocurarine  Cl  produces 
mg /kMH  D.  J  50  P"  °ent  °f  rabWtS  “  a  of  abo'ut  015 

raf’  hmnic^^  Tbe  “ 

used  in  this  country  (Bulbring  1946  ;  Chou  eX‘!!nsl'’el>' 

to  be  tested  is  introduced  info  the  bathtd 
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contraction  of  the  diaphragm  in  response  to  phrenic  nerve 
stimulation  at  5/ min.  is  observed.  Repeated  measurements  of 
curare-like  activity  can  be  made  on  one  preparation.  Phrenic 
nerve-diaphragm  preparations  from  kittens,  very  young  rabbits 
and  other  animals  may  also  be  used  (Trevan  and  Mogey,  1948). 

(3)  Mouse  Method.  In  this  method  (Skinner  and  Young,  1947) 
the  curare  preparation  is  injected  intravenously  in  the  tail  vein  of 
mice,  and  the  onset  of  paralysis  is  indicated  when  the  animals  can 
no  longer  hold  on  to  a  slowly  rotating  cylinder  covered  by  a  wire 
mesh.  Normal  mice  maintain  their  grip  on  the  cylinder  in¬ 
definitely. 


Recent  Developments  Concerning  the  Mode  of  Action  of 

Curare 

The  classical  studies  of  Claude  Bernard  in  the  middle  of  the  last 
century  localized  the  paralytic  action  of  curare  to  some  point 
between  the  motor  nerve  and  skeletal  muscle.  Langley  (1909) 
suggested  that  curare  combines  with  “receptive  substances” 
in^the  region  of  the  myoneural  junction,  and  thereby  prevents 
their  being  acted  upon  by  nerve  stimuli.  These  older  facts  and 
theories  can  be  readily  correlated  with  newer  developments  in  the 
fields  of  chemical  transmission  and  electrophysiology. 

Dale  et  al.  (1936),  in  experiments  on  the  perl  used  cat’s  tongue, 
showed  that  after  the  production  of  full  paralysis  by  curarine, 
hypoglossal  nerve  stimulation  caused  the  liberation  into  the 
perfusing  fluid  of  the  same  amount  of  acetylcholine  as  that 
recovered  from  normal  muscle.  Thus  a  paralysing  dose  ot  curarine 
did  not  inhibit  the  release  of  acetylcholine  by  nerve  impulses  at 
motor  nerve  endings.  Brown  and  Feldberg  (1936)  also  showed  that 
curarine  produced  an  analogous  type  of  blocking  action  on  trans¬ 
mission  through  the  superior  cervical  sympathetic  ganglion  ; 
when  the  ganglion  was  paralysed  by  eurarme.  preganglionic  nerve 
stimulation  could  still  liberate  normal  quantities  of  acetylcholine 
The  mode  of  action  of  curarine  in  blocking  neuromuscular  and 
ganglionic  transmission  thus  resembles  that  of  atropine  at  post¬ 
ganglionic  parasympathetic  nerve  endings. 

Brown  l  al.  (1936)  found  that  curarine  more  readily mnluh  ted 
the  contraction  of  the  cat’s  gastrocnemius  muscle  evoked  by  close 
arterial  injection  of  acetylcholine,  than  the  contraction  produced 
by  motor  nerve  stimulation.  Buchthal  and  Lindhard  (1942),  m 
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tlieir  studies  of  single  motor  end  plate  responses  in  the  lizard, 
showed  that  curarine  first  blocks  both  the  action  of  acetylcholine 
and  the  effect  of  nerve  stimulation,  while  Iv  ions  remain  effective 
in  producing  muscular  contraction.  Later  the  effect  of  K  is  also 
abolished. 

The  actions  of  physostigmine  and  curarine  on  the  electrical 
accompaniments  of  neuromuscular  conduction  have  been  very 
fully  investigated  by  Eccles  et  al.,  who  have  published  many  papers 
on  the  effects  of  these  drugs  on  the  end-plate  potential  (e.p.p.) 
(e.g.  Eccles  et  al.,  1941  ;  1942  ;  Eccles  and  Kuffler,  1941  ;  Eccles 
and  MacFarlane,  1949;  Kuffler,  1942;  see  also  chapter  1). 
Physostigmine  increased  the  magnitude  and  duration  of  the  e.p.p. 
produced  by  a  motor  nerve  volley,  but  had  no  effect  on  the  sub¬ 
sequent  spike  potential  associated  with  muscular  contraction  (cat 
soleus  or  frog  sartorius).  Normally  the  e.p.p.  is  dissipated  by  the 
spike  potential  and  lasts  only  a  few  millisec.  The  action  of  physo¬ 
stigmine  was  to  prolong  the  e.p.p.  to  50-100  millisec.,  and  to 
increase  its  magnitude  so  that  repetitive  muscle  spikes  occurred. 
Physostigmine  also  produced  a  secondary  “slow-wave”  of  end- 
plate  negativity  which  might  persist  for  several  seconds.  These 
end-plate  potential  changes  underlie  the  repetitive  electrical  dis¬ 
charge  and  the  increased  mechanical  tension  which  are 
developed  after  physostigmine  or  other  anti-cholinesterase  drugs. 
Curarine  antagonized  all  these  effects  of  physostigmine. 

C  marine,  acting  alone,  produced  the  following  effects  on  the 
potentials  at  end-plate  and  muscle  fibre. 


(1)  Diminution  in  size  of  the  e.p.p. 

(2)  No  change  in  latent  period,  but  shortening  of  duration  of 
e.p.p. 

(3)  Delay  in  the  onset  of  spike  potentials. 

(4)  Eventual  abolition  of  spike  potentials. 


„  r  ,  ,  blOCkmg  action  of  marine  *  finally  associ- 

reouir  .  \  l  o'"  S1Ze  of  e-P  P-  to  Mow  the  critical  level 
required  for  the  firing  off  of  the  spike  potential.  Curarine 

Z ‘  endTate  the .^polarizing  action  of  acetylcholine  at 
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Fig.  3 

CURARINE  ON  END-PLATE  POTENTIAL  (EPP.) 

Records  taken  at  end-plate  region  in  frog  muscle, 
a,  before  application  of  curarine;  b,  c,  and  d,  show  diminu¬ 
tion  of  the  initial  EPP  as  curarine  action  increases.  Note 
progressive  lengthening  of  spike  latent  period ;  c,  pure  EPP 
with  no  spike  potential,  i.e.  complete  neuromuscular  block. 

(After  Huffier.  1942.) 

Curare  Paralysis  in  Relation  to  Rate  of  Motor  Nerve  Stimulation. 
The  action  of  curarine  on  neuromuscular  conduction  is  related 
to  the  frequency  of  nerve  stimulation.  Briscoe  (1936),  using  the 
cat’s  femoral  nerve-quadriceps  preparation,  showed  that  although 
after  curarine  the  magnitude  of  contraction  increased  in  direct 
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proportion  to  the  frequency  of  stimulation  (up  to  240/sec.),  at 
the  higher  frequencies  the  contraction  became  merely  a  brief 
twitch.  Thus  the  action  of  curarine  was  to  prevent  the  sustained 
contraction  normally  produced  by  tetanic  stimulation.  Brown 
(1938)  showed  that  curarine  caused  a  rapid  decline  in  height  of 
muscle  spike  potentials  after  motor  nerve  stimulation  at  50/sec.  in 
the  cat,  and  Harvey  and  Masland  (1941)  observed  a  similar  effect 
in  man  after  “curarization”  by  quinine  methochloride.  It  should  be 


1  ubocurarine-Neostigmine  Antagonism 
Record  shows  contraction  of  the  isolated  rat  diaphraem  in 
response  to  stimulation  of  the  phrenic  nerve  ft  10/min 
(method  as  described  by  Bulbring,  1946). 

Alls1  t  100  fig.  of  d-tubocurarine  Cl  were  added  tn 
hath.  Note  the  rapid  decrease  in  heighfoflomra^tilrn 

added  to 

rapid  restoration  of  the  force  of  muscular 'contraction 

(Tracing  obtained  by  Dr.  A.  S.  V.  Bursen 
and  Dr.  L.  J.  Zatman.) 
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emphasized,  however,  that  this  failure  to  sustain  contraction  is 
quite  different  from  the  normal  effect  of  fatigue. 

Antagonists  to  Curare 

1  he  theory  ot  chemical  transmission  byr  acetylcholine  at 
motor  nerve  endings,  and  the  demonstration  of  the  mode  of 
action  ot  curare,  naturally  suggest  that  the  latter  drug  could  he 
antagonized  by  acetylcholine  itself,  or  by  substances  which 
increase  the  local  concentration  of  acetylcholine  at  the  motor  end- 
plate  region.  1  he  anti-cholinesterase  drug  physostigmine  was  first 
shown  by  Pal  (1900)  to  have  an  anti-curare  action,  and  the  similar 
effect  of  neostigmine  has  been  frequently  recorded  (e.g.  Bulbring 
and  Chou,  1947)  (see  Fig.  4).  The  anti-curare  actions  of  a  number 
of  drugs  have  been  compared  by  Chase  et  al.  (1947)  using  the 
rabbit  head  drop  test.  Neostigmine,  in  a  dose  of  0.05  mg./kg. 
intravenously,  increased  the  head  drop  dose  of  tubocurarine 
two  and  a  half  times  ;  0.075  mg./kg.  of  neostigmine  was  no  more 
effective  than  0.05  mg./kg.,  and  0.122  mg./kg.  of  neostigmine 
itself  produced  head  drop.  Among  the  anti-cholinesterase  drugs 
comparison  of  anti-curare  activity  on  a  molar  basis  gave  these 
figures  for  potency. 

Neostigmine=l,  Physostigmine =£,  DFP=|. 

These  substances  presumably  act  by  increasing  the  concentration 
of  acetylcholine  so  that  it  can  overcome  the  threshold  raising 
action  of  curarine  at  the  motor  end-plate.  It  must,  however,  be 
remembered  that  too  high  concentrations  of  acetylcholine  are 
themselves  depressant,  so  that  if  the  curarine  effect  were  very 
great  it  might  be  impossible  to  overcome  it  with  acetylcholine 
at  all.  Thus  in  cases  of  curare  overdosage,  anti-cholinesterase  drugs 
are  of  doubtful  value.  Chase  et  al.  (1949)  showed  that  in  rabbits 
large  doses  of  DFP  (e.g.  0.G  mg./kg.)  reduced  the  dose  of 
tubocurarine  required  to  produce  head  drop,  and  indeed  might 
themselves  produce  chronic  intermittent  head  drop.  They  noted 
a  further  interesting  point,  that  after  such  doses  of  DFP,  neostig¬ 
mine  could  sometimes  precipitate  a  prolonged  head  drop,  a  finding 
of  importance  in  relation  to  the  clinical  observations  of  Burgen  et 
al.  (to  be  published)  that  neostigmine  was  sometimes  quite 
ineffective  in  myasthenic  patients  who  had  previously  been  treated 
with  TEPP. 
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The  anti-curare  action  of  potassium  salts  was  demonstrated  by 
Wilson  and  Wright  (1936),  who  showed  that  intra-arterial  injection 
of  KC1  produced  an  immediate  and  very  marked  increase  in 
muscular  power  in  cats  in  which  curarine  had  reduced  the  response 
to  about  20  per  cent  of  normal.  The  recovery  of  muscular  power 
following  intra-arterial  neostigmine  was  more  gradual  than  that 
produced  by  KC1. 

It  has  been  claimed  that  guanidine  antagonizes  the  actions  of 
curare,  but  Bulbring  and  Chou  (1947)  found  this  effect  to  be  very 
feeble  on  the  rat-phrenic  nerve-diaphragm  preparation. 

It  is  very  fortunate,  from  the  clinical  point  of  view,  that  the 
muscle  paralysing  dose  of  curare  has  no  other  serious  toxic  effects. 
Many  times  the  dose  necessary  to  produce  respiratory  paralysis 
can  be  tolerated  provided,  as  Sir  Benjamin  Brodie  showed  in  1812, 
that  artificial  respiration  is  maintained  until  muscular  power 
returns.  To  overcome  the  difficulties  arising  from  possible  bronchi- 
olar  spasm  the  artificial  respiration  should  be  of  the  positive 
pressure  type  such  as  anaesthetists  can  so  readily  use  by  pressure 
on  the  anaesthetic  bag. 


Actions  of  Synthetic  Curariform  Agents 

The  actions  of  a  number  of  synthetic  curariform  agents  have  been 
reviewed  by  Bovet  and  Bovet-Nitti  (1948)  and  by  Cheymol  (1949). 

Bovet  et  al.  (1947  ;  1949),  in  studying  simplifications  of  the 
tubocurarine  molecule,  found  that  bis  (8-quinolyloxy)  a  :  to 
pentane  diethiodide  (3381  RP)  and  bis  (2-dimethylaminophenoxy) 
a  :  m  pentane  dimethiodide  (3565  RP)  were  both  nearly  as  potent 
as  tubocurarine,  and  that  their  effects  were  antagonized  by 
ph\  sostigmine.  Compound  3381  R.P.  also  had  weak  anti-cholin¬ 
esterase  actions. 

“ Bovet  Compounds ” 


3381  R.P. 


H  H 

HC^V^CH 

I  II  I 

hcvVch 

,-N+  C 


H  H 

hc'VSh 

I  II  1 

HC^  ,CX  +.CH 

C  Nf 


h5c2  o — (ch2]5— 0  c^'1 

Bis  (8-quinolyloxy)  a:w  pentane  diethiodide 
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Bis  (2-dimethylaminophenoxy)  a: to  pentane  dimethiodide 


I 


Compound  R.P.  3697 
(“Flaxedil”) 


H 


1  :2:3 -Tris  (jS-diethylaminoethoxy)-benzene  triethiodide 

Wien  (1948)  has  shown  that  another  of  Bovet’s  compounds, 
1:2:  .3 -tris  (/S-diethylaminoethoxy)-benzene  triethiodide  (3697  RP 
“Flaxedil”)  is  also  a  powerful  curariform  agent  with  a  very  weak 
ganglionic  blocking  action  ;  its  effects  are  reversed  by  physostig- 
mine  and  neostigmine. 

Bovet  et  al.  (1948)  have  reported  on  the  curare-like  actions  of 
the  di-choline  ester  of  terephthalic  acid  and  related  compounds. 
They  are  weaker  than  tubocurarine,  but  their  most  important 
feature  is  their  brief  duration  of  action,  which  is  probably  due  to 
the  ease  with  which  the  ester  bond  is  split  in  vivo. 

Bovet  and  Bovet-Nitti  (1949)  have  also  shown  that  succinyl 
choline  and  the  closely  related  Ws-(/3-dimethyIaminoethyl)  succinate 
diethiodide  (362  I.S.)  are  powerful  curare-like  agents  ;  the  latter 
is  about  as  potent  as  tubocurarine,  though  shorter  acting,  and 
since  it  does  not  lower  the  blood  pressure  like  succinyl  choline 
it  has  been  considered  suitable  for  clinical  trial. 

Polymethylene  Bistrimethylammonium  Salts 

General  structure  (Cir3)3N  +  (C Ha)n  1  N(C  1I3)3.2  1 
In  Pentamethonium  iodide  (C„),  n  =  5 
In  Decamethonium  iodide  (C10),  n  =  10 
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+  /CH3 

ch2—  cooch2—  ch2-n^—  ch3 

iXCH3 

+  /CH3 

CrirC00CH2-CH2-NA)H3 

i  XCH, 

Succinyl  Choline  Iodide 


+  /C2H5 

ch2—  coo  ch2— ch2— n — ch3 

1xch3 

+  /CH3 

;h2—  cooch2—  ch2—  n^ch3 


362  I.S. 

It  will  be  noted  that  the  spacing  between  the  nitrogen  groupings  in  both 
these  compounds  is  comparable  to  that  in  decamethonium  iodide 


Bovet  and  Bovet-Nitti  (1948)  discuss  earlier  work  with  com¬ 
pounds  of  this  group  containing  up  to  5  methylene  groups,  but 
these  substances  had  very  weak  curare-like  actions.  Detailed 
studies  on  the  actions  of  the  polymethylene  a,  co-feistrimethyl- 
ammonium  salts  (CH3)3  N+(CH2)n  N  +  (CH3)32  I-  have  recently 
been  reported  by  Barlow  and  Ing  (1948)  and  by  Paton  and  Zaimis 
(1948  ;  1949).  The  results  of  experimental  work  on  these  com¬ 
pounds  may  be  summarized  thus  : — 

(1)  Decamethonium  iodide  (C10)  paralyses  transmission  at  the 
neuromuscular  junction.  Pentamethonium  iodide  (C5)  paralyses 
transmission  at  the  ganglionic  synapse.  Adjacent  members  of 
the  series  have  similar  properties  in  less  degree. 

(2)  Decamethonium  iodide  produces  neuromuscular  block  in 
very  small  doses,  e.g.  in  the  chloralosed  cat,  30-40  /ug./kg.  i.v., 
or  1  ng.fkg.  by  close  arterial  injection,  are  effective. 

(3)  A  striking  feature  of  the  action  of  decamethonium  iodide  in 
eats  is  the  relatively  wide  margin  between  the  dose  required  to 
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paralyse  leg  muscles  and  that  required  to  paralyse  respiratory 
muscles.  With  tubocurarine  the  ratio 
dose  required  to  paralyse  respiration 

dose  required  to  paralyse  limb  muscles  ~  1  ’  w*^1  decame- 

thonium  iodide  this  ratio=2.2. 

(4)  Decamethonium  iodide  differs  from  d-tubocurarine  in 
certain  respects  : — 

(a)  It  has  an  initial  stimulating  action  on  skeletal  muscle  when 
given  by  close  arterial  injection.  It  also  has  an  anti¬ 
cholinesterase  action,  especially  against  the  “true”  enzyme. 

( b )  After  partial  paralysis  bv  decamethonium  iodide,  motor 
nerve  tetanus  produces  a  well-sustained  contraction. 

( c )  The  action  of  decamethonium  iodide  is  not  antagonized  by 
physostigmine  or  neostigmine.  It  is  however  reversed  by 
pcntamethonium  iodide,  when  the  latter  is  administered  in 
10-100  times  the  dose  of  decamethonium  iodide. 

(d)  Decamethonium  iodide  has  less  ganglionic  blocking  action 
than  tubocurarine. 

( e )  Decamethonium  iodide  has  weaker  histamine  and  heparin- 
liberating  actions  than  tubocurarine. 

(5)  Studies  in  various  animal  species  show  that  the  action  of 
decamethonium  iodide  is  greatest  in  the  cat  and  in  man.  The 
actions  in  man  will  be  discussed  later. 

(6)  Decamethonium  iodide  is  easily  synthesized,  and  requires 
no  biological  standardization. 

(7)  Pcntamethonium  iodide  produces  ganglionic  block  without 
diminishing  the  release  of  acetylcholine  from  preganglionic  nerve 
terminals.  It  has  no  anti-cholinesterase  activity,  no  muscarine¬ 
like  actions,  and  no  stimulating  actions  like  nicotine. 

Paralysing  Action  of  Tubocurarine  in  Normal  Man 

The  sequence  of  paralysis  of  the  muscles  by  curare  has  already 
been  mentioned  in  comparing  the  effects  of  this  drug  with  the 
order  of  involvement  of  muscles  in  myasthenia  gravis  (Chap.  1). 
The  approximate  sequence  is— muscles  supplied  by  cranial  nerves, 
limb  muscles,  abdominal  muscles,  intercostals,  and  finally  the 
diaphragm.  This  may  be  illustrated  by  experiments  recorded  by 
Prescott  et al.  (1946)  in  which  Dr.  Prescott  was  himself  the  subject. 
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d-tubocurarine  Cl  was  injected  intravenously  and  the  effects  were 

as  follows  : — 

1-2  mg.  produced  only  diplopia,  from  an  effect  on  the  extrinsic 
ocular  muscles. 

10  mg.  produced  diplopia,  ptosis,  strabismus,  and  a  feeling  of 
weakness,  and  partial  loss  of  power  in  other  muscles. 

20  mg.  The  above  effects  occurred  in  less  than  one  minute,  and 
there  was  paralysis  of  face  and  neck  muscles  in  two  minutes. 
There  was  then  rapid  spread  of  paralysis  to  the  larynx,  limbs, 
abdomen  and  intercostals  ;  the  tidal  air  was  reduced  from  750 
to  500  ml.  but  the  respiratory  rate  was  unchanged.  Recovery 
of  power  occurred  in  the  reverse  order  and  began  in  about  15 
minutes,  the  eye  signs  taking  longest  to  disappear  (3-4  hours). 

30  mg.  Within  three  minutes  there  was  complete  paralysis, 
including  the  intercostals.  At  five  minutes  the  tidal  air  had 
fallen  lrom  1 50  to  115  ml.  and  artificial  respiration  was  necessary 
owing  to  the  inadequacy  of  the  rapid  shallow  diaphragmatic 
contractions.  (The  central  nervous  effects  are  considered  else¬ 
where.)  Muscular  power  returned  in  30-40  minutes,  but 
diplopia  and  ptosis  were  still  present  at  four  hours.  After  six 
hours  there  was  nothing  abnormal  except  a  feeling  of  tightness 
in  the  chest  which  lasted  several  days. 

^  ^riations  in  Sensitivity  to  Tubocurarine 


Apart  from  the  well-known  hypersensitivity  of  myasthenic 
patients  to  tubocurarine  (Bennett  and  Cash,  1943)  some 
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Fig.  5 

Action  of  Decamethonium  Iodide  in  a  Normal  Subject 

The  reduction  in  hand  strength  after  intravenous  injection  of  3  mg.  of 
decamethonium  iodide  is  well  seen.  The  more  speedy  recovery  after 
injection  of  30  mg.  of  pentamethonium  iodide  is  also  shown. 

(After  Organe,  Paton  and  Zaimis,  1949.) 

and  other  signs  of  central  nervous  depression.  The  blood  pressure 
may  be  reduced,  sometimes  to  a  dangerous  degree.  These  drugs 
are  too  toxic  for  therapeutic  use. 

Actions  of  Synthetic  Curarizing  Agents 
in  Normal  Man 

Decamethonium  Iodide 

Organe  et  al.  (1949)  studied  the  effects  of  decamethonium  iodide 
in  three  normal  persons.  They  noted  that  3  mg.  intravenously 
produced  a  degree  of  paralysis  roughly  comparable  with  that 
produced  in  a  conscious  subject  by  15-20  mg.  of  d-tuboeurarine  1 1. 
The  reduction  in  hand  strength,  and  the  antagonism  exerted  by 
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pentamethonium-  towards  decamethonium  iodide,  are  ilhistrated 
in  Fig  5  When  abdominal  muscular  weakness  was  well  mark 
vital  capacity  was  reduced  by  about  35  per  cent.  No  significant 
side  effects  were  recorded  with  3  mg.  of  decamethonium  iodide 
Grob  et  al.  (1949)  noted  that  intravenous  injection  of  2.5  mg.  ot 
decamethonium  iodide  produced  almost  complete  paralysis  of  the 
muscles  of  the  extremities  with  relatively  slight  weakness  ot  the 
muscles  concerned  with  swallowing,  speech  and  respiration. 

Organe  et  al.  also  observed  the  effects  of  intravenous  injection 
of  20-40  mg.  of  pentamethonium  iodide  in  the  same  subjects. 
There  were  signs  of  cutaneous  vasodilatation,  and  orthostatic 
hypotension  for  up  to  30  min.  after  injection. 


R.P.  3697  (“Flaxedil”) 

Mushin  et  al.  (1949)  have  investigated  the  actions  of  “Flaxedil'’ 
in  conscious  persons.  Intravenous  injection  of  40-70  mg.  produced 
complete  paralysis  of  forearm  and  abdominal  muscles  without 
demonstrable  decrease  in  pulmonary  ventilation.  Recovery  from 
paralysis  occurred  in  about  25  min.,  and  could  be  greatly  hastened 
by  intravenous  injection  of  neostigmine.  The  drug  had  no 
significant  effect  on  blood  pressure. 

Curare  and  the  Central  Nervous  System 

The  actions  of  curare  on  the  central  nervous  system  have  been 
shown  by  many  workers,  some  of  whom  have  observed  stimulant 
actions,  and  others  have  recorded  depressant  effects.  Stimulation 
has  most  frequently  been  produced  by  direct  application  of  curare 
or  d-tubocurarine  Cl  to  nervous  tissue,  and  depression  by  intra¬ 
venous  injection  of  large  doses.  It  is  not  proposed  to  discuss  the 
conflicting  experimental  work  on  animals,  which  has  been  reviewed 
by  McIntyre  (1947),  but  an  account  will  be  given  of  some  important 
observations  in  man.  Dr.  Prescott  (Prescott  et  al.,  1946)  described 
the  sensation  of  respiratory  muscle  weakness  after  30  mg.  of 
d-tubocurarine  as  most  terrifying,  more  particularly  because  he 
was  unable  to  inform  his  colleagues  about  the  obstruction  in  his 
larynx  due  to  the  collection  of  mucus.  He  began  to  lose  conscious¬ 
ness  before  artificial  respiration  was  begun,  but  this  was  probably 
due  to  asphyxia.  At  no  time  was  there  any  analgesic  or  hypnotic 
action  ;  indeed  no  central  effects  ascribable  to  the  drug  per  se  were 
noted. 
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A  similar  lack  of  cerebral  ellects  after  intravenous  injection  of 
2k  times  the  respiratory  paralysis  dose  of  d-tubocurarine  was 
recorded  also  by  Smith  et  al.  (1947)  in  an  experiment  on  l)r.  S.  M. 
Smith.  1  hey  observed  no  changes  in  the  electroencephalogram, 
no  mental  disturbances  and  no  alterations  in  sensation.  In  particu¬ 
lar  there  was  no  analgesia.  In  this  case  artificial  respiration  with 
Oa  administration  was  quite  adequate  throughout. 

A  specific  study  ot  the  possible  analgesic  action  of  d-tubocurarine 
was  undertaken  by  Kellgren  et  al.  (1946).  Intravenous  injection 
of  7.5  mg.  of  d-tubocurarine  Cl  produced  weakness  of  facial, 
neck  and  limb  muscles  but  there  was  no  change  in  pain  or  touch 
sensations  tested  by  von  Frey’s  hairs  and  needles.  There  were  also 
no  cerebral  changes  as  judged  by  mental  arithmetic  tests,  etc. 

There  is  thus  no  evidence  for  any  significant  central  nervous 
action  even  when  full  paralysing  doses  of  d-tubocurarine  are  given. 
Gray  (1948)  has  described  experiments  on  normal  human  volun¬ 
teers  which  showed  that  d-tubocurarine  Cl  in  no  way  potentiates 
the  central  depressant  action  of  thiopentone.  It  may  therefore 
be  concluded  that  d-tubocurarine  Cl  has  no  effects  of  any  practical 
importance  on  the  central  nervous  system  when  administered 
intravenously  as  an  adjunct  to  general  anaesthesia. 


Liberation  of  Histamine  by  Curare 

West  (1935)  described  the  occurrence  of  bronchospasm  in 
dogs  and  in  man  after  administration  of  certain  preparations  of 
curare.  The  discovery  by  Alam  et  al.  (1939)  that  curare  or  d- 
tubocurarine  Cl  causes  the  release  of  histamine  from  skeletal 
muscle  suggests  a  possible  mechanism  for  the  production  of 
bronchospasm.  It  is  true  that  there  is  no  evidence  for  release 
of  histamine  from  the  lungs,  but  that  released  from  skeletal 
muscle  could  reach  the  lungs  via  the  blood  stream.  Schild  and 
Gregory  (1947)  showed  that  when  d-tubocurarine  and  other 
curarizing  agents  were  added  to  fluid  perfusing  dog’s  striped 
muscle,  there  was  no  close  relation  between  curare-like  potency 
and  the  power  to  release  histamine.  Silva  and  Schild  (1949) 
have  made  quantitative  studies  of  this  action  of  tubocurarine 
on  rat  muscle,  and  have  speculatively  suggested  that  this 
compound  might  compete  with  histamine  to  combine  with  the 
receptors  in  muscle  to  which  the  latter  is  bound  before  its 
release. 
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Com  roe  and  Dripps  (1946)  demonstrated  that  iritracutaneous 
injection  of  Intocostrin  or  d-tubocurarine  Cl  in  man  produced 
large  wheals  and  flares  similar  to  those  produced  by  histamine. 
Intra-arterial  injection  of  these  substances  had  the  same  effect. 
Grob  et  al.  (1947)  analysed  these  actions  more  fully,  and  showed 
that  the  skin  responses  were  inhibited  by  the  anti -histamine  drug, 
pyribenzamine.  The  liberation  of  histamine  from  the  skiri  into 
the  circulation  was  demonstrated  by  a  considerable  increase  in 
HC1  secretion  by  the  stomach  after  intra-arterial  injection  of 
d-tubocurarine  Cl.  Grob  et  al.  also  showed  that  intramuscular 
injection  of  tuboeurarine  produced  a  moderate  stimulation  of 
gastric  secretion,  whereas  intravenous  injection  had  no  significant 
effect.  It  should  be  emphasized  that  histamine  liberation  occurs 
only  when  high  concentrations  of  tuboeurarine  come  into  contact 
with  tissues  such  as  skin  or  muscle.  One  might  expect  that 
bronchospasm  would  be  observed  more  frequently  after  intra¬ 
muscular  than  after  intravenous  injection,  except  perhaps  when 
the  latter  be  given  very  rapidly. 


Curare  and  the  Circulation 

Apart  from  the  secondary  effects  due  to  asphyxia,  curare 
produces  very  little  effect  on  the  circulation.  It  is  generally 
agreed  that  there  is  no  toxic  action  on  the  heart,  and  the  electro¬ 
cardiogram  is  unaffected  by  the  use  of  tuboeurarine  in  anaesthesia 
(Gray,  1948).  Reports  on  the  effect  of  tuboeurarine  on  blood  pres¬ 
sure  are  somewhat  conflicting,  but  although  a  fall  may  follow 
rapid  intravenous  injection  of  large  doses  in  animals,  the  usual 
dose  in  man  has  generally  no  significant  effect. 


Curare  and  Respiration 

Curare  influences  breathing  by  its  peripheral  paralysing  action 
on  the  respiratory  muscles,  and  it  may  sometimes  cause  broncho¬ 
spasm,  perhaps  by  histamine  liberation.  McIntyre  (1947)  believes 
l:‘y  als°  be  central  respiratory  depression,  but  Harvey 
eWor  le  h°T  fU  cuurar,zatlon  by  means  of  quinine  metho- 
phrent  n^e"0  °"  diSChafge  °f  "erVe  lmPub«  alo"g  ‘be 

The  laryngeal  muscles  are  relaxed,  thus  facilitating  intubation 
ments’remain.eX  “  "0t  ab°hshed  50  lon8  as  diaphragmatic  move- 
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Curare  and  Other  Systems 

Although  curare  abolishes  the  nicotinic  actions  of  acetyl¬ 
choline  it  has  very  little  or  no  effect  on  the  muscarinic  actions 
of  acetylcholine,  so  that  secretions  and  smooth  muscle  reactions 
are  generally  little  altered. 

Urine  volume  is  decreased  during  moderate  or  deep  curare 
poisoning,  and  the  action  of  diuretics  is  depressed.  These  effects 
might  be  due  to  increased  liberation  of  anti-diuretic  hormone  from 
the  neurohypophysis. 


Fate  of  Curare  in  the  Body 

Absorption.  Absorption  from  the  unbroken  skin  does  not 
occur,  but  some  absorption  from  mucous  surfaces  has  been 
described  (see  McIntyre,  1947).  The  gut  does  not  provide  a 
completely  impermeable  barrier,  but  the  oral  lethal  dose  is  about 
50  times  the  subcutaneous  lethal  dose.  Mahfouz  (1949)  showed 
that  in  rats  tubocurarine  could  be  absorbed  from  the  small 
intestine,  but  not  from  the  stomach. 

Blood  Levels  and  Distribution.  Mahfouz  (1949)  has  measured 
blood  and  cerebrospinal  fluid- levels  after  intravenous  injection  of 
tubocurarine  in  man.  The  resulting  small  concentrations  of 
tubocurarine  were  estimated  bv  recording  the  tlegree  of  inhibition 
of  the  acetylcholine  induced  contracture  of  the  frog  rectus  ab¬ 
dominis  muscle.  In  blood,  no  tubocurarine  was  found  in  the 
red  cells,  and  the  mean  plasma  levels  after  injection  of  0.2  mg./kg. 
of  tubocurarine  were  as  follows  : — 


Time  after  injection 
3  minutes 
15  minutes 
30  minutes 


Plasma  level 
4  //g./ml. 
2.6  //g./ml. 

1 .0  /tg./ ml. 


Degree  of  paralysis 

full  paralysis 
recovery  started 
apparent  recovery. 


The  3-minute  value  corresponds  to  an  even  distribution  of  tubo¬ 
curarine  in  the  plasma  volume. 

In  one  case,  the  cerebrospinal  fluid  level  was  2.5  pg./ml  33 
minutes  after  injection. 

An  interesting  fact  about  the  distribution  of  curare  has  been 
established.  Experiments  on  dogs  by  Harroun  and  Hathaway 
(1946),  and  clinical  observations,  in  patients  operated  on^  by 
Caesarean  Section,  by  Whitaker  and  Fisher  (1945)  and  by  Gray 
(1947).  all  seem  to  show  that  curare  does  not  pass  across  the 
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placenta  from  the  maternal  to  the  foetal  circulation.  There  were 
no  signs  of  paralysis  in  the  foetus  at  a  time  when  the  mother 
showed  full  abdominal  relaxation.  Buller  and  Young  (1949)  have 
shown  in  rabbits  and  guinea  pigs  that  maternal  blood  levels  of 
tubocurarine  equivalent  to  those  produced  therapeutically  in  man, 
do  not  cause  paralysis  of  the  foetus,  though  nerve-muscle  prepara¬ 
tions  of  the  latter  are  fully  sensitive  to  tubocurarine.  Young 
(1949)  has  similarly  shown  that  decamethonium  iodide  does  not 
cross  the  placental  barrier  in  rabbits  or  guinea  pigs. 

Fate  and  Excretion.  Mahfouz  (1949)  recovered  30-40  per  cent 
of  injected  tubocurarine  from  the  urine  after  therapeutic  doses  in 
man.  Excretion  continued  for  several  hours,  even  though  paralysis 
lasted  only  halt  an  hour.  In  mice  60  per  cent  of  tubocurarine  was 
inactivated  within  4  hours,  and  Mahfouz  suggests  that  some 
destruction  may  occur  in  striped  muscle.  It  has  been  suggested 
that  the  liver  and  kidney  play  important  roles  in  the  detoxication 
of  curare,  but  Everett  (1948)  found  no  difference  between  normal 
rats  and  rabbits,  and  nephrectomized,  hepatectomized  animals, 
with  lespect  to  degree  or  duration  of  action  of  tubocurarine.  It 
therefore  seems  probable  that  tubocurarine  is  extensively  des¬ 
troyed  in  the  tissues  throughout  the  body,  and  a  practical 
implication  of  this  work  is  that  liver  or  kidney  disease  is  no  contra¬ 
indication  to  the  administration  of  tubocurarine. 


Clinical  Uses  of  Curare 

There  is  now  a  very  extensive  literature  on  the  clinical  applica¬ 
tions  of  the  actions  of  curare  in  causing  neuromuscular  block,  and 
only  some  of  the  more  recent  contributions  can  be  considered  here. 

^maestedTb  "  ate.rton  s  exPenments  early  in  the  19th  century 
suggested  the  use  of  curare  to  abolish  the  violent  muscular  spasm's 

of  tetanus,  and  treatment  firstly  of  equine,  and  later  of  human 
cases  was  reported  in  the  middle  of  the  century.  Other  convulsive 
disorders  such  as  epilepsy  and  rabies  were  also  treated  with  curare 

oTin ot,  curar,\r 

U03I)  Bremer  showed  t,!at 

WeatedenKinstratedVa^similarefmt?on1Cfirsth^  .mUjCu^ar  P^r^ysis. 

term  lissive  to  describe  such  a  response.  It  is 
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important  to  emphasize  that  A\  cst  used  varieties  of  crude  curares, 
only  a  few  of  which  were  lissive,  so  that  this  action  might  have 
been  due,  not  to  d-tubocurarine,  but  to  unknown  substances, 
whose  ellects  might  well  have  been  exerted  on  the  central  nervous 
system.  In  support  of  this  view,  West  (1937)  found  that  tubo- 
curarine  was  ineffective  in  a  patient  with  spastic  paraplegia  in 
whom  a  crude  curare  preparation  relieved  muscular  spasm. 

Curare  in  Tetanus 

Cole  (1935)  observed  the  effects  of  a  partially  purified  curare 
preparation  in  three  patients  with  tetanus  and  concluded,  as  have 
others  since,  that  while  curare  can  control  the  convulsions  in  this 
disease  it  is  very  doubtful  whether  it  influences  the  ultimate 
prognosis.  The  control  of  the  convulsions  of  tetanus  is  probably 
more  easily  affected  by  central  nervous  depressant  drugs  such  as 
barbiturates  and  bromethol  ;  the  effects  of  mephenesin  in  this 
disease  will  be  mentioned  later. 

Curare  in  Spastic  Disorders 

West  (1932  ;  1935)  described  the  clinical  use  of  curare  prepara¬ 
tions  in  spastic  disorders  of  different  origin.  In  some  instances 
satisfactory  relaxation  of  muscle  spasm  resulted  without  the 
production  of  paralysis  or  other  toxic  side  actions.  In  Parkinsonian 
rigidity,  however,  curare  appeared  to  be  no  more  effective  than 
hyoscine.  Rurman  (1940)  tried  erythroidine  as  well  as  curare,  and 
Harvey  and  Masland  (1941)  studied  the  effects  of  quinine  metlio- 
chloride  on  spasticity  in  man  ;  the  latter  authors  concluded  that 
none  of  these  drugs  produced  objective  signs  of  improvement. 

Schlesinger  (1946)  administered  d-tubocurarine  in  beeswax  and 
arachis  oil  by  intramuscular  injection  in  order  to  prolong  the 
muscle  relaxing  action.  In  some  cases  relaxation  of  spasm  lasted 
for  many  days,  much  longer  than  one  would  expect  from  the 
peripheral  blocking  action  alone  ;  the  explanation  of  this  effect 
is  not  clear.  Weed  et  al.  (1948)  have  also  used  d-tubocurarine  in 
beeswax  and  oil  successfully  in  patients  with  tetanus. 

Curare  in  Convulsive  Shock  Therapy 

The  violent  convulsions  produced  by  drugs  such  as  leptazol 
and  hexazole„  as  well  as  those  produced  by  electro-convulsion 
therapy,  have  sometimes  produced  fractures  and  dislocations. 
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The  use  of  curare  to  abolish  these  violent  movements,  and  thereby 
to  prevent  these  complications,  apparently  does  not  interfere  with 
the  therapeutic  effectiveness  of  the  above  procedures  in  depressive 
states  and  schizophrenia.  The  use  of  curare  for  this  purpose  was 
first  described  by  Bennett  (1940)  in  America.  In  this  country 
curare  was  first  used  about  the  same  time  by  Palmer,  but  owing 
to  the  war  his  results  were  not  published  till  1946  (Palmer,  1946). 
There  have  been  numerous  publications  confirming  the  value  of 
curare  in  this  field.  Hobson  and  Prescott  (1947)  have  described 
a  technique  in  which  d-tubocurarine  Cl  (0.3  mg. /kg.)  and  thio¬ 
pentone  (0.3g.  i.v.)  are  used  to  prevent  apprehension  and 
traumatic  injury,  without  reducing  the  efficacy  of  electro¬ 
convulsion  therapy. 


Curare  in  Surgical  Anaesthesia 

Griffith  and  Johnson  (1942)  of  Montreal  were  the  first  to  employ 
curare  as  an  aid  to  abdominal  relaxation  in  surgical  anaesthesia. 
They  administered  the  preparation,  intocostrin,  intravenously  to 
twenty-five  patients  under  cyclopropane  anaesthesia  and  noted 
relaxation  of  the  abdominal  muscles  in  one  minute,  the  effect 
lasting  10-15  minutes.  They  also  suggested  neostigmine  as  an 
antidote  for  overdosage,  though  they  had  no  occasion  to  use  it. 
Since  1942  the  use  of  curare  in  anaesthesia  has  become  widespread 
and  the  correspondingly  vast  literature  cannot  be  dealt  with  here 
in  any  detail  (see  McIntyre’s  “Curare”  for  references). 

The  main  purpose  of  curare  administration  as  an  adjuvant  in 
anaesthesia  is  to  procure  increased  relaxation  of  abdominal 
muscles  without  the  use  of  deep  anaesthesia  of  central  origin.  It 
is  \\  ell  known  that  first  and  second  plane  surgical  anaesthesia  are 
not  sufficiently  deep  to  abolish  reflexes  from  the  upper  abdomen, 
and  though  it  is  possible  to  administer  more  general  amesthetic  and 
so  to  reach  the  third  or  even  fourth  plane,  the  necessary  higher 
“7*  “nitrations  are  TCry  liable  to  depress  the  bulbar 

“  COntr0lhng  r?P‘rati0n  and  the  ™culation,  and  thereby 
to  produce  anoxia  and  signs  of  shock  ;  other  toxic  actions  of  the 

action  theS\  a‘S°  bC  enhanced'  Now  curare  has  no 

7*  f  i  bulbar  centres,  nor  does  it  disturb  other  physio¬ 
logical  functions  in  the  doses  required  to  produce  iJinheral 

:rs that  aria  and  co*  ; :! 

“  ,  ,t  must,  however,  be  remembered  that  to  relax  the  upper 
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abdominal  muscles  some  intercostal  paralysis  must  be  produced. 
Ibis  paralysis  can  be  simply  dealt  with,  if  necessary,  by  controlled 
respiration.  Tubocurarine  has  no  harmful  effects  upon  the 
circulation  except  after  rapid  injection  of  large  doses. 


Technique  of  Administration  of  d-tubocurarine  Cl  in 
Anaesthesia 


After  the  usual  premedication  with  morphine  (10  mg.)  and 
atropine  (0.65  mg.),  most  amesthetists  administer  thiopentone 
before  the  tubocurarine,  as  recommended  by  Prescott  et  al.  (1946). 
Gray  (1948)  has  suggested,  however,  that  a  preliminary  5  mg.  test 
dose  of  d-tubocurarine  Cl  be  injected  intravenously,  and,  if  the 
response  to  this  dose  is  normal,  two  minutes  later  a  further  dose  of 
up  to  10  mg.  is  given  followed  immediately  by  0.5  G.  of  thiopentone, 
(preparations  of  d-tubocurarine  Cl  must  not  be  mixed  in  one 
syringe  with  thiopentone).  Anaesthesia  is  maintained  with  50 
per  cent  N20  and  02  +  thiopentone,  and  further  injections  of  5  mg. 
of  d-tubocurarine  Cl  intravenously  may  be  given  as  required.  If 
ether  is  used  it  must  be  given  in  very  low  concentrations  since  it 
greatly  potentiates  the  paralysing  action  of  tubocurarine  (Pick 
and  Richards,  1947).  Prescott  et  al.  (1946)  noted  that  the  duration 
of  action  of  d-tubocurarine  Cl  was  45-60  minutes  after  a  single 
intravenous  injection  of  0.4  mg./kg.  body  weight  (given  after 
thiopentone). 

Gray  (1948)  has  reviewed  the  results  of  administration  of  d- 
tubocurarine  to  8,500  patients  during  a  three  year  period.  He 
makes  the  following  points  : — 

(i)  Clinical  impressions  suggest  that  there  is  less  shock  alter 
the  use  of  d-tubocurarine  Cl  with  light  anaesthesia  than  with  deep 


anaesthesia  alone. 

(ii)  The  duration  and  severity?  but  not  the  frequency,  o 
post-operative  vomiting  are  reduced. 

(iii)  To  prevent  the  development  of  post-operative  pulmonary 
atalectasis  neostigmine  (2.5  mg.)  and  atropine  (0.65  mg.)  should 
be  injected  intravenously  at  the  end  of  the  operation.  ( 
should  be  emphasized  that  the  potentiation  of  vagal  inhibition 
of  the  heart  by  this  large  dose  of  neostigmine  will  not  be 
prevented  by  this  small  dose  of  atropine;  indeed  the  latter  may 
actually  stimulate  the  cardio-inhibitory  centre,  and  even  larger 
doses  of  atropine  may  produce  initial  bradycardia  belore  ie 
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peripheral  vagal  blocking  action  develops.  It  is  not  surprising 
that  occasional  deaths,  probably  due  to  cardiac  arrest,  have 
followed  intravenous  injection  of  this  mixture.) 

(iv)  Bronchospasm  is  extremely  rare  after  d-tubocurarine  (1 
case  in  2,500  administrations).  It  may  be  attributable  to  the 
light  anaesthesia  rather  than  to  tubocurarine  itself. 

(v)  There  is  no  evidence  that  d-tubocurarine  is  toxic  to  liver 
or  kidney,  or  that  it  causes  any  disturbance  in  carbohydrate 
metabolism. 

A  final  assessment  of  the  value  of  curare  in  anaesthesia  cannot 
yet  be  given,  but  its  use  in  expert  hands  has  helped  greatly  in  the 
production  of  abdominal  muscular  relaxation  in  abdomipal 
surgery,  and  in  the  immobilization  of  the  chest  in  thoracic  surgery. 
Provided  that  gaseous  interchange  in  the  lungs  is  properly 
controlled  by  the  anaesthetist,  there  are  very  few  complications 
to  be  expected  from  its  administration. 


Synthetic  Curariform  Agents  in  Anaesthesia 

Dimethyl  Ether  of  d-tubocurarine  Iodide.  Stoelting  et  al.  (1948) 
have  reported  on  the  clinical  use  of  this  compound  in  conjunction 
with  N20,  ether  or  cyclopropane.  An  injection  of  2-3  mg.  produced 
muscular  lelaxation  lasting  60—90  minutes,  with  no  significant 
action  on  blood  pressure  ;  there  was  mild  respiratory  depression 
in  9  of  100  cases. 

Decamethonium  Iodide  (C10).  The  clinical  use  of  decamethonium 
iodide  as  a  muscle  relaxant  in  anaesthesia  has  been  reported  by 
Organe  (1949)  and  by  Hewer  et  al.  (1949).  It  was  injected  intra¬ 
venously  in  total  doses  ranging  from  1.5  to  15  mg.;  the  initial 
dose  was  usually  3-5  rug.,  and  subsequently  1-3  mg.  were  given 
at  intervals  as  required.  Unlike  d-tubocurarine  it  is  miscible  with 
thiopentone.  After  a  single  dose  muscular  relaxation  commenced 
after  2-3  minutes  and  reached  a  peak  within  4-8  minutes  ;  the 
duration  of  action  was  15-25  minutes  so  there  was  little  danger  of 
respiratory  depression.  Abdominal  relaxation 
could  only  be  produced  by  closes  which  caused  some  respiratory 

“h,P7  T  (Cf'  aCti0,‘  “  CatS)'  rapid 

”  ’  d-tubocurarme,  and  no  cumulative  effects  followed 

!  "flections  at  appropriate  intervals.  Decamethonium 
odide  has  been  used  satisfactorily  in  conjunction  with  all  the 
commonly  employed  general  anesthetics.  No  immeLe  s*l 


46 


MEPII ENESIN 

eflects  were  noted  by  these  authors  ;  there  was  no  bronehial  or 
laryngeal  spasm;  intracutaneous  injection  of  0.1  per  cent 
decamethonium  iodide  produced  no  signs  of  histamine  release  such 
as  occur  with  this  strength  of  d-tubocurarine  Cl. 

Young  (1949)  has  used  decamethonium  iodide  to  produce 
muscular  relaxation  for  Caesarean  Section.  3  mg.  being  injected 
intravenously  at  least  10  minutes  before  delivery.  The 
placenta  forms  a  very  efficient  barrier  to  the  passage  of  this 
substance  into  the  foetus. 

The  antagonistic  actions  of  pentamethonium  iodide  (30-50  mg. 
intravenously)  were  not  striking  and  in  three  cases  this  substance 
apparently  caused  circulatory  collapse  (Hewer  et  al.,  1949). 

Davies  and  Lewis  (1949)  and  Hobson  and  Prescott  (1949)  have 
used  decamethonium  iodide  in  conjunction  with  thiopentone  to 
prevent  the  traumatic  complications  of  electrically  induced 
convulsions,  and  have  generally  found  it  preferable  to  d-tubo¬ 
curarine. 

Flaxedil  ( RP  3697).  Mushin  et  al.  (1949)  have  described  the 
clinical  use  of  “Flaxedil”  in  anaesthesia.  They  found  that  80  mg. 
of  Flaxedil  was  roughly  equivalent  in  potency  to  15  mg.  of  d- 
tubocurarine  Cl.  Wilson  and  Gordon  (1949)  have  also  reported 
favourably  on  the  use  of  “Flaxedil.” 


Mephenesin  (Myanesin) 


CH, 


Mephenesin 


CH?  0 
I  2 
CHOH 


ch2oh 


a:/3-dihydroxy- y-(2-methylphenoxy)  propane 


Pharmacological  interest  in  this  compound  relates  to  its  depres¬ 
sant  action  on  the  central  nervous  system.  Mephenesin  has  been 
used  to  increase  the  relaxation  of  abdominal  muscles  in  anaesthesia, 
but,  unlike  curare,  it  has  practically  no  ncuro-muscular  blocking 
action  (see  reviews  by  Underhill,  1949,  and  by  larger,  1949). 


47 


ACTIONS  OF  MEP IIEN ESIN 


The  actions  of  mephenesin  were  first  reported  by  Berger  and 
Bradley  (1946),  who  studied  the  effects  of  a  number  of  simple 
substituted  ethers  of  glycerol.  They  selected  a  :  /3-dihydroxy -y- 
(2-methylphenoxy)  -propane  (mephenesin)  as  the  most  suitable 
member  of  the  series  for  thorough  investigation  of  its  action  on 
the  central  nervous  system.  Small  doses  of  mephenesin  in  mice  had 
a  tranquillizing  effect,  and  produced  muscular  relaxation  and  sleep 
from  which  the  animals  could  be  roused.  Larger  doses  produced 
ataxia  followed  by  paralysis,  with  no  reaction  to  painful  stimuli. 
Recovery  from  these  effects  was  complete.  In  rabbits  10-12  mg./ 
kg.  of  mephenesin  (i.v.)  produced  head  drop,  and  50  mg./kg.  caused 
complete  paralysis,  except  of  the  diaphragm.  Berger  and  Bradley 
(1946)  also  observed  that  mephenesin  antagonized  the  convulsant 
and  lethal  actions  of  strychnine  more  effectively  than  it  antagonized 
these  actions  of  leptazol,  and  they  therefore  suggested  that  mephen¬ 
esin  acts  predominantly  on  the  spinal  cord.  Mephenesin  has  a  very 
weak  peripheral  curare-like  action  ;  it  is  also  a  local  anaesthetic 


of  about  the  same  potency  as  procaine. 

Berger  (1947)  has  studied  the  actions  of  mephenesin  on  the  knee 
jeik  in  chloralosed  eats.  Doses  of  20—150  mg.  somewhat  reduced 
the  normal  reflex  response,  but  the  most  striking  action  of 
mephenesin  was  its  abolition  of  strychnine  convulsions,  with  the 
reduction  of  the  knee  jerk  to  (but  not  below)  its  original  strength. 
This  selective  depression  of  exaggerated  reflex  activity,  attributed 
to  depression  of  interneuronal  conduction,  might  be  described  as  a 
lissive”  action  according  to  the  definition  of  West  (1935).  It 
would  obviously  be  much  easier  to  depress  augmented  reflex 
activity  by  an  action  on  the  central  nervous  system  than  by  anv 
influence  on  neuromuscular  conduction  ;  indeed  it  is  difficult  to 

see  how  a  peripheral  action  could  reduce  excessive  muscle  tone 
without  producing  paralysis. 

In  a  further  study  of  the  actions  of  mephenesin,  Berger  (1948) 
,ndS„chdWn  I"  thlS  C°mp0Und  raises  the  threshold  to  electrically 
han  tridT„?V  ?,nS  ratS'  and  i$  aCtUally  somewhat  more  potent 
that  in  ,  18  rfPeCt'  Everett  and  Shards  (1949)  found 

dtes  orodteed  r  ,  CatS  and  rabbits  mephenesin,  in  paralytic 
those’  se^n  after  hgen>W  "  ^  m  the  electroencephalogram,  like 
comnoundsnf!h  barblturates-  Tl'e  anticonvulsant  activity  of 
paralysis t  S  SeneS  "0t  reIated  to  their  Potency  in  producing 
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Clinical  Uses  of  Mephenesin 
Muscular  Relaxation 

Mallinson  (1947)  has  recorded  the  effects  of  mephenesin  in  pro¬ 
ducing  muscular  relaxation  during  surgical  anaesthesia  in  112 
patients.  Injected  by  itself  into  a  conscious  subject,  27  mg. /kg.  of 
mephenesin  (i.v.)  had  no  narcotic  effect,  but  produced  weakness 
ot  limb  muscles  and  full  abdominal  muscular  relaxation.  Given 
in  conjunction  with  thiopentone.  10-15  mg. /kg.  of  meph¬ 
enesin  (10  per  cent  solution)  produced  good  relaxation  of 
abdominal  muscles  with  very  occasional  involvement  of  the 
intereostals. 

Mallinson  (1948),  at  a  meeting  of  the  Anaesthetics  Section  of 
the  Royal  Society  of  Medicine,  has  reported  on  some  10,000 
administrations  of  mephenesin  chiefly  in  abdominal  surgery,  and 
stated  that  there  were  no  deaths  attributable  to  this  drug.  Other 
anaesthetists  at  this  meeting  criticized  the  use  of  mephenesin  on 
two  main  grounds  : — 

(1)  It  is  less  effective  than  tubocurarine  in  procuring  ab¬ 
dominal  muscular  relaxation. 

(2)  It  is  liable  to  produce  venous  thrombosis  at  the  site  of 
injection,  and  /Hemolysis  which  may  lead  to  haemoglobinuria 
and  renal  damage. 

Damage  to  veins,  and  haemolysis  have  been  reported  by  many 
authors,  and  although  the  seriousness  of  these  complications  has 
been  questioned,  they  are  clearly  undesirable  (see  the  review  and 
report  of  experimental  studies  by  Clendon  and  Pcnfold,  1949). 
The  cause  of  these  effects  might  be  mephenesin  itself,  or  the 
solvent  used  to  make  up  the  10  per  cent  solution  injected 
clinically.  Mephenesin  is  only  soluble  in  water  at  22  C.  to  the 
extent  of  1  .096  per  cent  ;  it  is  therefore  made  up  for  clinical  use 
dissolved  in  a  mixture  ol  equal  parts  ot  ethvl  alcohol  and 
propylene  glvcol.  This  mixture  could  undoubtedly  damage 
the  vein  wall,  and  also  produce  haemolysis.  Schlesinger  ct  al. 
(1948)  have  recommended  the  use  ol  2  per  cent  mephenesin 
in  normal  saline  to  avoid  these  complications  of  intravenous 

injection.  .  . 

The  value  and  safety  of  mephenesin  as  an  adjuvant  to  general 

anaesthesia  still  remain  to  be  established. 


CLINICAL  APPLICATIONS 
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Hyperkinetic  States 

Hunter  and  Waterfall  (1948)  noted  some  resemblances  between 
the  actions  of  mephenesin  and  the  barbiturates.  They  were  thereby 
led  to  test  mephenesin  in  patients  with  epileptiiorm  fits,  and  ob¬ 
served  that  intravenous  injection  of  0.5  G.  abolished  fits  in  three 
patients  within  30  sec.  They  noted  too  a  temporary  inhibition  of 
Parkinsonian  tremor  in  one  patient  after  injection  of  1  G.  of 
mephenesin.  Berger  and  Schwartz  (1948),  and  Gammon  and 
Churchill  (1949)  also  observed  abolition  of  Parkinsonian  tremor, 
and  marked  improvement  in  choreoathetosis,  after  mephenesin.  In 
addition,  Gammon  and  Churchill  described  abolition  of  petit  mal 
discharge  by  doses  of  mephenesin  which  did  not  affect  the  normal 
electroencephalogram.  These  findings,  taken  with  the  experi¬ 
mental  work  of  Stephen  and  Chandy  (1947),  suggest  that 
mephenesin  acts  on  various  parts  of  the  brain  as  well  as  on  the 
spinal  cord. 

Spastic  Disorders 

Berger  and  Schwartz  (1948)  have  administered  mephenesin  to 
patients  with  various  spastic  and  hyperkinetic  disorders.  They 
gave  the  drug  dissolved  in  propylene  glycol  by  mouth  in  daily 
doses  of  3-5  G.  and  in  many  cases  recorded  electromyo¬ 
graphic  evidence  of  improvement.  Exaggerated  reflexes  and 
rigidity  were  reduced  to  normal  and  voluntary  power  was 
retained,  the  action  appearing  within  20  minutes  of  administration. 
Schlesinger  et  al.  (1948)  have  also  reported  on  the  beneficial  effects 
of  mephenesin  in  these  conditions,  but  they  regard  the  effects  of 
oral  administration  as  too  brief  and  unpredictable  to  be  of  value, 
and  they  recommend  intramuscular  injection  of  2  per  cent 
mephenesin  in  saline. 


Tetanus 

Beneficial  effects  in  patients  with  tetanus  have  been  recorded 
after  mephenesin  by  Belfrage  (1947),  Torren  et  al.  (1948),  Davison 
et  al .  (1949),  and  by  Gammon  and  Churchill  (1949). 


Other  Actions  of  Mephenesin  on  the  Nervous  System 

(*)  Analgesia.  Gammon  and  Churchill  (1949)  observed  that 
mephenesin  relieved  tabetic  and  causalgic  pain. 

PHARMACOLOGY 
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(ii)  Action  in  Psychoses.  Gammon  and  Churchill  (1949)  have 
reported  that  mephenesin  produced  temporary  beneficial  effects  in 
patients  with  psychoses.  They  argued  that  since  improvement  in 
such  cases  results  from  severance  of  the  connections  between 
thalamus  and  cortex,  a  drug  which  depresses  the  thalamic  region, 
like  mephenesin,  might  act  similarly  to  produce  what  one  could 
perhaps  describe  as  a  “pharmacological  leucotomy.”  Schlan  and 
Lnna  (1949)  have  studied  the  effects  of  oral  mephenesin  in 
psychiatric  patients  and  found  it  effective  in  chronic  alcoholism 
and  anxiety  states. 


Fate  and  Excretion  of  Mephenesin 

A  metabolic  product  of  mephenesin  can  be  detected  by  the 
cherry  red  colour  produced  with  Ehrlich’s  diazo  reagent.  It  appears 
in  the  urine  within  15  minutes  of  oral  administration.  Two 
methods  for  determination  of  blood  and  urine  mephenesin  levels 
have  been  described  by  Titus  et  al.  (1948).  Inactivation  of 
mephenesin  in  the  body  occurs  very  rapidly  (Sehlesinger 
et  al.,  1948),  and  it  has  been  shown  by  Graves  et  al.  (1948)  and 
by  Riley  and  Berger  (1949),  that  this  is  mainly  due  to  oxida¬ 
tion  of  the  terminal  t'II2OII  group  to  COOH,  the  oxidized 
product,  which  is  pharmacologically  inert,  being  excreted  in  the 
urine. 


Mephenesin  Derivatives  and  Related  Compounds 

The  brief  duration  of  action  of  mephenesin  is  due  to  the  speed 
of  oxidation  of  the  CH2OH  group.  Berger  and  ltilev  (1949)  have 
found  that  the  acid  succinate  of  mephenesin,  in  which  the  C1I20H 
group  is  protected,  is  less  toxic  and  longer  acting  than  mephenesin 
itself.  This  compound  forms  a  very  soluble  sodium  salt  which  is 
readily  absorbed  when  given  by  mouth ;  it  is  broken  down, 
probably  in  the  liver,  to  liberate  mephenesin  slowly  into  the 

bloodstream. 

New  compounds  closely  related  to  mephenesin  include  some 
long-acting  analogues  effective  by  mouth  (Burke  et  al,  1949),  and 
some  2-substituted-l : 3-propane  diols  which  are  more  powerful 
anti-eon vulsants  than  mephenesin  (Berger,  1949)  A  new  com¬ 
pound,  2-methvl,  2-n-amyl-4-hydroxymethyl-l  :8-dioxolane  (  Gl\- 

ketal”),  has  been  shown  by  Berger  (1949)  to  act  very  similarly  to 
mephenesin. 


SPINAL  DEPRESSANTS 
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Other  Spinal  Cord  Depressants 

Berger  (1949)  has  recently  reviewed  the  actions  of  a  number 
of  drugs  (excluding  general  anaesthetics)  which  act  predominantly 
by  depressing  the  spinal  cord.  Among  these  are  tri-o-cresyl 
phosphate,  which  produces  irreversible  paralysis  by  damaging 
the  anterior  horn  cells ;  dithiobiuret,  which  causes  reversible 
paralysis,  but  only  on  prolonged  administration  ;  benziminazole 
and  apo-/?-erythroidine,  which,  like  mephenesin  and  glyketal, 
cause  transient  paralysis  associated  with  a  selective  depressant 
action  on  interneuronal  conduction,  and  “parpanit”  (diethyl- 
aminoethyl  ester  of  phenyl-cyclopentane  carboxylic  acid)  which 
depresses  interneurones  but  does  not  produce  paralysis.  Unlike 
the  reflex  depression  produced  by  neostigmine  (Schweitzer  and 
Wright,  1937)  the  actions  of  these  compounds  appear  to  be  un¬ 
related  to  transmission  of  impulses  by  acetylcholine. 

To  summarize,  it  may  be  said  that  mephenesin  is  a  central 
nervous  depressant,  acting  chiefly  on  the  brain  stem  and  spinal 
cord.  It  can  reduce  enhanced  excitability  to  normal  and  therefore 
has  a  truly  “lissive"  action.  Its  value  as  a  muscular  relaxant  in 
surgical  anaesthesia  is  still  doubtful,  but  its  use  by  mouth  in  pa¬ 
tients  with  spasticity  is  well  worthy  of  further  investigation. 
1  he  development  of  substances  which  act  like  mephenesin,  but 
which  have  more  prolonged  actions  and  are  more  effective  bv 
mouth,  would  be  very  valuable  for  the  control  of  the  hyperkinetic 
and  spastic  conditions  discussed  above. 


Tetraethylammonium  Salts 

(C2H5)4  N+ - Br-  (or  CD) 

Quaternary  ammonium  compounds  in  general  have  curare-like 
actions,  but,  as  mentioned  on  p.  24,  the  tetraethyl  compound  is 
exceptional  in  producing  no  such  effect,  whereas  the  tetramethvl 
compound  is  very  active.  Other  differences  between  these  two 
compounds  were  beautifully  analysed  by  Burn  and  Dale  (1914) 
who  showed  in  eat  experiments  that  tetramethylammonium  hydrate 
p  od ut cd  three  types  of  action,  which  could  be  revealed  by 
appropriate  procedures  : — 

(i>  tP:^era!,rU)SCarine-like  inhibition  of  the  heart,  leading 
to  a  fall  in  blood  pressure. 
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(ii)  A  nicotine-like  stimulation  of  sympathetic  ganglion  cells, 
producing  a  rise  in  blood  pressure. 

(iii)  A  nicotine-like  paralysis  of  ganglion  cells,  causing  a  fall 
in  blood  pressure. 


Tetraethijlammonium  hydrate  (TEA)  had  no  muscarine,  or 
nicotine-like  stimulating  actions,  but  the  nicotine-like  depression 
was  well  shown  and  could  antagonize  the  ganglionic  stimulating 
effects  of  tetramethylammonium  hydrate. 

Acheson  and  Moe  (1946)  and  Acheson  and  Pereira  (1946)  have 
analysed  this  ganglionic  blocking  action  of  TEA  in  greater  detail, 
and  have  shown  that  the  effects  of  both  preganglionic  nerve 
stimulation  and  acetylcholine  injection  are  prevented  by  this 
drug.  The  depressor  action  of/fEA  is  entirely  attributable  to  this 
ganglionic  block.  Morrison  and  Farrar  (1949)  have  shown  that 
TEA  also  prevents  the  release  of  adrenaline  from  the  adrenal 
medulla  following  splanchnic  nerve  stimulation  in  cats. 

A  new  group  of  fcn?-triethylammonium  salts,  with  ganglionic 
blocking  actions,  has  been  studied  by  Chou  and  De  Elio  (1947). 
The  substances  were  of  the  type  (Et3N(CH2)HNEt3)  x2,  where 
x=the  anion  (usually  Hr).  Maximal  blocking  action  was  seen 
when  n=10,  this  compound  being  twice  as  active  as  tetraethyl- 
ammonium  bromide  on  the  superior  cervical  ganglion  of  the  cat. 
Other  ganglionic  blocking  agents  include  : — 

(1)  Pentamethonium  iodide,  whose  actions  have  already  been 
described. 

(2)  2  :  6  dimethyldiethylpiperidinium  bromide,  whose  actions 
have  been  reported  by  Longino  et  al.  (1949).  It  acts  like 
TEA  but  is  5-7  times  more  potent. 

(3)  Lauryl-dimethylamino-2-acetoxy-l -ethane  chloride  (/5<L) 
and  lauryl-dimethylamino-3-diacetoxy-l  :  2  propane  chlor¬ 
ide  (758L)  (Dallemagne  and  Philippot,  1949). 

(4)  Dibutoline  (Gruhzit  and  Moe,  1949). 


Tetraethylammonium  Salts  in  Man 

Experimental  work  has  shown  that  the  pharmacological 
actions  of  the  TEA  ion  arc  due  to  its  ganglionic  blocking  effect. 
The  actions  on  the  circulation  and  on  the  alimentary  tract  have 
been  particularly  studied  in  man  in  relation  to  tests  of  autonomic 
nervous  function,  and  to  possible  therapeutic  applications. 


TETRAETH  Y  LAM  MON  I UM  SALTS 


53 


General  Effects 

Intravenous  injection  of  TEA  (Bromide  or  Chloride)  in  a  dose 
of  200-500  mg.  has  been  used  by  Lyons  et  al.  (1947),  Birchall  et  al. 
(1947)  and  Boyd  et  al.  (1948).  The  effects  were'as  follows  :  within 
15-20  sec.  of  injection  there  was  a  metallic  taste  in  the  mouth,  in 
25-35  sec.  numbness,  coldness  and  tingling  were  felt  in  the  hands 
and  feet.  Incomplete  dilatation  of  the  pupil,  cycloplegia  and 
occasionally  ptosis  were  seen,  a  feeling  of  tiredness  and  weakness 
developed,  and  sweating  ceased.  The  predominant  circulatory 
effects  were  a  fall  in  blood  pressure  within  30-90  sec.  of  injection, 
an  increase  in  heart  rate  to  90-120  beats/min.,  and  a  marked  rise 
in  skin  temperature  of  the  fingers  and  toes  (see  also  Hoobler  et  al., 
1949).  The  circulatory  effects  usually  lasted  for  15-30  minutes,  but 
postural  hypotension  might  occur  for  up  to  one  hour.  Nearly  all 
these  actions  may  be  ascribed  to  blocking  of  transmission  through 
the  appropriate  autonomic  ganglia.  Doses  exceeding  1  G.  of 
tetraethylammonium  C’l  intravenously  may  not  only  produce 
circulatory  collapse,  but  a  curare-like  paresis  may  also  develop. 
Intramuscular  injection  of  1—2  G.  reduced  the  blood  pressure  for 
2—8  hours.  Oral  administration  was  ineffective,  owing  to  poor 
absorption  from  the  alimentary  tract. 


On  the  alimentary  tract  Holt  et  al.  (1947)  showed  that  intra¬ 
venous  injection  of  200  mg.  of  tetraethylammonium  Cl  diminished 
the  tone  and  abolished  peristaltic  activity  in  the  stomach  (the 
same  effect  as  vagotomy).  No  emptying  of  the  stomach  occurred 
during  the  period  of  action  of  TEA.  Macdonald  and  Smith  (1949) 
also  showed  that  TEA  reduced  spontaneous  gastric  secretion 
and  abolished  the  nervous  secretion  evoked  by  insulin  hypo¬ 
glycemia.  Propulsive  movements  in  the  small  intestine  were 
inhibited  and  the  mucosal  markings  became  fixed.  Bladder  tone 
was  relaxed.  Aas  and  Blegen  (1949)  studied  the  effects  of  TEAR 


Keele  (1948). 
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Excretion  of  TEA 

Rennick  et  al.  (1947)  have  studied  the  excretion  of  TEA  in 
dogs  and  in  man.  After  intravenous  injection  in  man  50  per  cent 
of  the  dose  appears  in  the  urine  within  30  min.;  after  intramuscular 
injection  50  per  cent  excretion  occurs  within  four  hours.  These 
authors  suggest  that  TEA  should  not  be  given  to  patients  with 
severe  renal  disease. 


Applications  of  the  Actions  of  TEA 

Peripheral  Vascular  Disease.  It  was  claimed  by  Berry  et  al. 
(1946)  that  the  cutaneous  vasodilatation  produced  by  TEA  was 
equal  to  that  which  follows  procaine  injection  into  the  sympa¬ 
thetic  pathway,  but  Boyd  et  al.  (1948)  found  that  this  response  to 
TEA  was  irregular,  and  that  the  vasodilatation  was  always  less 
than  that  produced  by  paravertebral  or  local  nerve  block.  Thus 
TEA  is  of  little  value  in  estimating  the  probable  effects  of  sympa¬ 
thectomy  in  patients  with  peripheral  vascular  disease,  and  is 
certainly  of  no  value  as  a  therapeutic  agent  in  such  eases. 

Hypertension.  TEA  reduces  the  blood  pressure  in  patients  with 
essential  hypertension  (Berry  et  al.,  1946  ;  Lyons  et  al.,  1947),  and 
this  reduction  has  been  used  to  estimate  the  probable  effects  ot 
lumbo-dorsal  sympathectomy  in  this  disease.  1  he  value  of  such 
estimates,  whether  TEA  or  sodium  amytal  be  used,  has  been 
questioned  by  Birchall  et  al.  (1947),  and  in  any  case  these  methods 
of  producing  vasodilatation  are  of  no  therapeutic  significance. 
Frew  and  Rosenheim  (1949)  have  noted  that  in  hypertensive 
patients  the  lowest  level  of  diastolic  blood  pressure  produced  by 
injection  of  tetraethylammonium  bromide  is  the  same  as  that 
produced  by  oral  administration  of  sodium  propylmethylcar- 
binylallyl  barbiturate  (Seconal).  Hayward  (1948)  has  reported 
temporary  relief  of  orthopncea  and  dyspnoea  and  an  increase  m 
vital  capacity,  after  the  blood  pressure  has  been  lowered  by 
tetraethylammonium  bromide  in  patients  with  hypertensive  heart 
failure,  and  he  suggests  that  this  substance  may  be  useful  m  the 
emergency  treatment  of  acute  left  ventricular  heart  failure,  this 
beneficial  effect  might  be  due  to  a  reduction  in  venous  pressure, 
as  has  been  reported  in  heart  failure  by  Reiman  and  Epstein  (  .  .  )• 

Toxic  Effects  of  TEA.  Several  authors  have  reported  eases  in 
whom  TEA  has  produced  temporary  marked  tails  in  hlooi  pres¬ 
sure,  and  Lindgrcn  and  Fisk  (1948)  have  observed  myocardial 


PE  NT  A  ME  THOM  UM  101)1  BE 


55 


infarction  after  injection  of  TEAB’  in  a  patient  with  arterio¬ 
sclerotic  heart  disease.  Schwartz  (1949)  has  reported  the  sudden 
deatli  of  a  patient  with  asthma  who  received  230  mg.  of  TEAB 
intravenously,  and  suggests  that  asthmatics  may  be  hyper¬ 
sensitive  to  the  drug. 

Pentamethonium  Iodide  in  Man 

The  original  observations  of  Organe  et  al.  (1949)  on  the  actions 
of  pentamethonium  iodide  in  man  have  been  confirmed  and 
extended  by  Arnold  and  Rosenheim  (1949),  Arnold  et  al.  (1949) 
and  Grob  et  al.  (1949).  In  normal  persons  it  acts  very  similarly  to 
1  EA  but  it  is  effective  in  about  1/10  the  dose  and,  judged  by  the 
presence  of  vasodilatation  and  postural  hypotension,  its  action  lasts 
for  about  1  hour.  Intravenous  injection  of  25—100  mg.  of  penta- 
methonium  iodide  in  hypertensive  patients  produced  falls  in  blood 
pressure  which  might  last  for  several  hours.  An  excessive  fall  in 
blood  pressure  was  readily  counteracted  by  injection  of  adrenaline. 
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CHAPTER  3 

ANTI-HISTAMINE  DRUGS 


lo  appreciate  t tie  actions  of  the  so-called  anti-histamine  drugs 
it  is  necessary  to  know  the  actions  of  histamine,  the  effects  of  which 
will  be  briefly  discussed. 


Histamine 

The  actions  of  histamine  were  first  described  and  analysed  by 
Dale  and  Laidlaw  (1910-11)  who  studied  its  effects  in  various 
animal  species.  The  general  response  of  smooth  muscle  towards 
histamine  is  contraction,  which  is  most  marked  in  the  intestine, 
uterus  and  bronchioles.  The  effects  upon  the  circulation  vary 
according  to  the  species  of  animal  studied  ;  in  most  species, 
including  man,  the  blood  pressure  is  reduced,  but  in  rabbits  it 
is  initially  raised.  These  variations  are  related  to  the  differences 
in  response  towards  histamine  of  arteriolar  muscle,  which  constricts 
markedly  in  rodents,  less  so  in  cats,  while  in  dogs  and  man 
arteriolar  dilatation  occurs.  Capillaries  are  always  dilated  and  an 
increase  in  their  permeability  leads  to  leakage  of  protein-containing 
fluid  into  the  surrounding  tissue  spaces.  The  effects  of  histamine 
on  the  blood  vessels  of  human  skin  were  very  fully  described  by 
Lewis  (1927).  He  showed  that  when  1  in  1,000  histamine  acid 
phosphate  solution  was  pricked  into  the  skin  there  appeared 
firstly,  a  red  area  3-4  mm.  in  diameter,  at  the  site  of  introduction, 
later  an  irregularly  outlined  red  area  of  2—3  cm.  diameter  was  seen 
(the  “flare”),  and  finally  there  developed  a  wheal,  due  to  the  es¬ 
cape  of  protein-rich  fluid  from  the  capillaries,  at  the  site  of  the 
original  circumscribed  red  area.  These  three  effects  of  histamine 
are  very  similar  to  those  which  follow  the  application  of  a  firm 
stroke  to  the  skin  and  were  summarized  by  Lewis  in  the  phrase 
“Triple  Response.”  The  components  of  the  “Triple  Response 
are  thus:  (i)  Capillary  dilatation,  which  produces  the  local  red 
reaction  at  the  site  of  application  of  histamine,  (ii)  Arteriolar 
dilatation,  which  underlies  the  spreading  flare.  This  response  is 
mediated  by  means  of  an  axon  reflex,  in  which  histamine  provides 
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the  afferent  stimulus,  and  it  fails  to  occur  after  degeneration  of 
sensory  nerve  fibres  in  the  injected  region,  (iii)  Increased  capillary 
permeability  produces  the  wheal  which  is  precisely  confined  to 
the  area  of  the  local  red  reaction.  In  man,  injection  of  histamine 
subcutaneously  or  intravenously  produces  flushing  of  the  skin  of 
the  blush  area  with  a  rise  in  skin  temperature,  indicating  arteriolar, 
as  well  as  capillary  dilatation  (Wakim  et  al.,  1949).  Dilatation  of 
intracranial  vessels,  probably  in  the  dura,  produces  headache. 

Injection  of  histamine  into  the  skin  produces  itching  (Lewis, 
1942),  but  it  has  been  shown  by  Rothman  (1941)  that  very  dilute 
solutions  of  histamine  (e.g.  1  in  1,000,000)  produce  whealing 
without  itching.  Emmelin  and  Feldberg  (1947)  have  found  that 
nettle  stings  contain  0.1  per  cent  histamine +  1  per  cent  acetyl¬ 
choline.  They  showed  that  while  the  “nettle  rash”  was  due  to 
histamine  alone,  the  pain  was  due  to  a  combined  effect  of  histamine 
+ acetylcholine.  Thus  other  varieties  of  itching  might  be  caused 
by  histamine  release  in  the  skin,  and  pain  would  result  when 
acetylcholine  was  also  liberated. 


Secretory  Actions 

Histamine  is  a  powerful  stimulant  to  secretion  of  HC1  by  the 
stomach  ;  it  is  usually  stated  that  histamine  does  not  affect 
pepsin  secretion,  but  Ashford  et  al.  (1949)  noted  a  marked  increase 
in  pepsin  output  in  man.  It  may  also  stimulate  salivary,  pan¬ 
creatic  and  intestinal  secretions  but  these  effects  are  less  marked 
in  man  than  in  some  other  species  of  animal. 

Histamine  is  widely  distributed  in  animal  tissues  where  it 

TS  hTd  StatC  in  Which  *  is  Physiologically  inactive. 

Lewis  (1927)  first  showed  that  it  may  be  readily  released  from  the 

'in  y  a  \  ariet}  ot  injurious  physical  and  chemical  stimuli  to 
produce  both  local  effects,  such  as  the  triple  response,  and  general 

secretion.UCh  ^  ^  m  bl°°d  preSSure  and  increased  gastric 


Histamine  in  Anaphylaxis  and  Allergy 

reswnsTwiUnnw  !by  *"  anaPMactic  and  allergic 

responses  will  now  be  considered.  As  far  back  as  1910  in  their 

original  description  of  the  actions  of  histamine.  Dale  and  Lai  l  aw 

no  ed  the  close  res™, I, lance  between  the  effects  of  substance 

responses  anaphylactic  shock.  It  was  later  shown  that 
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the  dominant  effects  both  of  histamine  and  of  the  anaphylactic 
response  were  similar  in  different  species  of  animals  ;  for  example, 
the  outstanding  feature  in  guinea  pigs  is  bronchiolar  spasm  leading 
to  death  from  asphyxia,  in  dogs  there  is  circulatory  failure  due  to 
spasm  of  the  hepatic  veins,  and  in  rabbits  there  is  cardio- 
circulatory  failure  resulting  from  contraction  of  arterioles  in  the 
pulmonary  bed  (Dragstedt.  1941). 

The  nature  of  the  anaphylactic  reaction  has  been  extensively 
studied  as  an  expression  of  an  antigen-antibody  reaction,  and  the 
position  may  be  summarized  by  saying  that  the  characteristic 
explosive  response  results  from  the  combination  of  specific  antigen 
with  antibodies  attached  to  fixed  tissue  cells,  and  the  different 
symptomatology  in  different  animal  species  may  be  related  to 
differences  in  distribution  of  the  sensitizing  antibody  in  the  various 
organs  of  the  body  (Dale,  1948).  1  he  demonstration  by  Best 

et  al.  (1927)  that  histamine  could  be  easily  extracted  from  many 
tissues  suggested  that  this  substance  might  exist  in  some  bound 
physiologically  inactive  state,  and  it  thus  became  possible  to 
regard  the  actions  of  Lewis’  “H-substance”  as  due  to  release  of 
preformed  histamine  by  the  action  of  injurious  stimuli.  Lewis 
himself  (1927)  was  the  first  to  formulate  clearly  the  idea  that  the 
t riple  response  produced  in  the  skin  by  local  introduction  of  the 
appropriate  protein  in  a  sensitized  person  subject  to  urticaria, 
was  indeed  due  to  the  action  of  H-substance. 

The  theory  thus  postulated  that  the  reaction  of  specific  antigen 
with  cellular  antibody  caused  in  some  way  the  release  of  histamine 
from  its  bound  inactive  state,  and  it  remained  only  to  demonstrate 
the  presence  of  increased  quantities  of  histamine  in  tissue  or  body 
fluids  as  the  consequence  of  this  antigen-antibody  interaction  ; 
Dragstedt  and  Gebauer-Fuelnegg  (1932)  recorded  the  presence  of  a 
substance  in  every  way  resembling  histamine  in  inferior  vena 
caval  blood,  and  in  thoracic  duct  lymph,  of  dogs  subjected  to 
anaphylactic  shock,  and  Bartosch  et  al.  (1932)  showed  that  when 
antigen  was  added  to  the  fluid  perfusing  a  sensitized  guinea  P  «  ' 
?unI  histamine  could  be  detected  in  the  effluent  in  concentrations 
sufficient  to  account  for  the  induced  bronchiolar  constriction. 
Schild  (1939)  used  a  simple  diffusion  method  to  detect  ns 
released  from  isolated  guinea  pig’s  tissues  m  anaphylactic  sh  . 
^  wed  that  in  some  organs,  e.g  the  uterus.  the  amount  f 

histamine  liberated  greatly  exceeded  that  required  to  produce 
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maximal  contraction  in  that  organ,  so  that  the  excess  would  be 
available  for  distribution  via  the  blood  stream  to  organs  in  other 
parts  of  the  body  ;  the  aorta,  which  released  the  greatest 
quantities  of  histamine,  would  increase  the  blood  histamine  lex  el 
without  itself  showing  any  significant  response.  Dragstedt  and 
Mead  (1936)  showed  in  dogs  that  the  level  of  histamine  in  blood 
or  thoracic  duct  lymph  was  proportional  to  the  severity  of  ana¬ 
phylactic  shock,  and  Code  (1939)  showed  further  that  in  guinea 
pigs  sufficient  histamine  was  liberated  during  anaphylactic  shock 
to  account  for  the  death  of  the  animals. 


“Intrinsic”  and  “Extrinsic”  Histamine 

Dale  (1948)  has  recently  discussed  an  aspect  of  histamine 
release  which  may  be  important  in  relation  to  the  action  of  anti¬ 
histamine  drugs.  As  already  mentioned,  the  histamine  released 
by  the  antigen-antibody  reaction  may  produce  a  response  either 
in  the  cells  which  release  it,  or  in  remote  parts  of  the  body.  Dale 
speaks  of  the  former  as  an  intrinsic  and  of  the  latter  as  an  extrinsic 
histamine  action  ;  as  examples  of  intrinsic  histamine  action  the 
anaphylactic  responses  of  smooth  muscle  such  as  the  uterus,  gut 
or  bronchioles  may  be  cited,  whereas  the  vascular  responses  in  the 
skin  and  nasal  mucosa  would  serve  as  examples  of  extrinsic 
histamine  action,  since  the  latter  is  released  from  the  epidermis  or 
naso-pharyngeal  epithelium  and  diffuses  thence  to  the  subjacent 
vascular  plexus.  Anti-histamine  drugs  might  be  expected  to  act 
more  readily  against  extrinsic  than  against  intrinsic  histamine, 
in  the  same  way  that  atropine  more  easily  suppresses  the  actions 
of  injected  acetylcholine  than  those  resulting  from  its  release 
at  cholinergic  nerve  endings.  The  much  greater  effectiveness  of  the 
anti-histamine  drugs  in  urticaria  and  vasomotor  rhinitis  than  in 
spasmodic  asthma  may  be  related  to  this  difference  in  the  site  of 
release  of  histamine. 


Whilst  it  would  appear  well  established  that  histamine  plays  an 
extremely  important  part  in  the  type  of  anaphylactic  response 
already  described,  it  does  not  explain  all  the  manifestations  of 
this  state  For  example,  incoagulability  of  the  blood  has  loner  been 
recognized  as  a  feature  of  anaphylactic  shock  in  dogs,  and  this  has 
been  shown  by  Jaques  and  Waters  (1940)  to  be  due  to  the  liberation 

sahePKefiaw0  1'°™  Whidl  U  Was  isolated  as  the  barium 

salt.  Kellaxvay  and  Trethewie  (1940)  found  that,  in  addition  to 
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histamine,  “slow  reacting  substance”  (Feldberg  and  Kellaway, 
1938)  appeared  in  the  perfusate  after  the  injection  of  antigen  into 
the  fluid  perfusing  sensitized  guinea  pig  s  lungs,  and  Katz  (1942) 
also  showed  that  in  sensitized  human  skin  the  application  ot 
ragweed  antigen  not  only  liberated  histamine  but  also  this  “slow- 
reacting  substance.”  Furthermore,  whilst  histamine  appears  quite 
clearly  to  be  the  cause  of  death  in  the  early  stages  of  the  ana¬ 
phylactic  reaction  in  guinea  pigs  and  dogs,  death  at  later  stages 
may  occur  with  normal  blood  histamine  levels. 

The  role  of  histamine  in  other  specific  hypersensitivity  reactions, 
such  as  the  Arthus  phenomenon,  serum  myocarditis,  tuberculin 
type  reactions  or  contact  dermatitis  is  not  so  clear,  and  if  it  is 
concerned  in  the  vascular  responses  of  such  inflammatory  states 
its  release  must  be  slow  and  continuous  to  account  for  the  pro¬ 
longed  vasodilatation  characteristic  of  these  responses. 


Histamine  in  Human  Allergy 

Rose  (1947)  has  reviewed  the  experimental  work  in  tins  held. 
Studies  on  blood  histamine  levels  in  allergic  states  have  given 
conflicting  and  generally  not  significant  results,  which  may  be 
related  to  the  fact  that  allergic  phenomena  are  usually  confined  to 
one  or  two  specific  tissues,  whereas  acute  anaphylaxis  is  a  very 
widespread  reaction.  Rose  has  shown  too  that  injection  of  hist¬ 
amine  in  man  in  doses  adequate  to  produce  symptoms  may  cause 
no  increase  in  blood  histamine  concentration,  so  the  demonstrate 
of  systemic  effects,  such  as  flushing  of  the  skin,  or  mcreased 
secretion  of  HC1  in  the  stomach,  would  appear  to  be  the  most 
satisfactory  evidence  of  histamine  release  from  tissues  during 

sr  X « «  “ 

injSr^c . respiratory  ^ptoms  in  £ 

asthmatic  subjects  it  producer  ddheult ^ m  breath u^  ^ 

marked  reduction  m  %  in  tap*  ■  times  bccn  suggested 

recently  studied  by  Curry  (19*6).  ItMS-o  of  the 

that  such  findings  demonstrate  an  faut  thi/does  not 
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is  reduced  in  diameter,  though  not  sufficiently  to  produce  symp¬ 
toms  at  rest.  Injection  of  histamine  might  then  so  narrow  the 
bronchiolar  lumen  as  to  produce  symptoms  and  reduction  in  vital 
capacity,  even  though  the  increase  in  muscular  tone  were  no 
greater  than  in  normal  persons. 


Anti-histamine  Drugs 

Drugs  which  antagonize  the  effects  of  histamine  in  animals 
might  work  in  three  main  ways.  Firstly,  they  might  exert  pharma¬ 
cological  actions  directly  opposed  to  those  of  histamine,  as  for 
example  when  adrenaline  relaxes  the  smooth  muscle  contraction 
produced  by  histamine  in  the  intestine  or  bronchioles,  secondly, 
they  might  merely  prevent  or  oppose  the  actions  of  histamine 
without  themselves  having  direct  antagonistic  pharmacological 
actions,  or  thirdly,  they  might  destroy  or  neutralize  histamine  by 
some  direct  chemical  action.  It  is  the  second  type  of  action  [which 
might  in  some  instances  be  due  to  competitive  antagonism  (see  p. 
335)]  with  which  we  shall  be  chiefly  concerned,  since  many 
substances  have  recently  been  discovered  which  are  verv  powerful 
histamine  antagonists  of  this  kind. 

Histamine  can  actually  desensitize  tissues  to  its  own  action, 
and  Edlbacher  et  al.  (1937)  found  that  certain  amino-acids,  e.g. 
histidine,  arginine  and  cystine,  antagonized  histamine  when 
applied  in  very  high  concentrations,  but  the  discovery  of  the  really 
potent  anti-histamine  drugs  originated  with  the  work  of  Bovet 
and  Ins  colleagues  in  the  Pasteur  Institute  in  Paris.  (See  reviews 
on  anti-histannne  drugs  by  Feinberg,  1946  and  1947;  Loew 

1948  )  Ga^dum’  1948 ;  Dale>  1948  5  Bovet  and  Bovet-Nitti, 


Ungar  et  al.  (1937)  showed  that  an  anti-adrenaline  drug 
piperidmomethyl-2-benzodioxane  (933F)  also  antagonized  hista- 

929F  had  ?£Ub  (1937)  f°Und  that  a  Phenolic  ether, 

’  had  defini4e  anti-histamine  actions,  although  too  toxic  for 

p  araPeutlc  use-  Modifications  of  its  structure  led  to  more  active 

are  seerTin  th*  1  ^  rdatl°nS  of  some  of  these  substances  to  929F 
fir  .  a  11  the  chemical  formula.  In  1939  Staub  introduced  the 

described^ his tT; derivative  <1571F).  *"d  in  1942  Halpern 

nier.  2325  R  P  and  2339R  V  'Tt  >’rePared  ^  Mos' 
more  now^rfm  f  !  R  R  (Aatergan),  the  latter  being  a  much 

I  histamine  antagonist  than  1571F.  In  1944  Bovet 
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Chemical  Formulae  of  Some  Anti-histamine  Drugs 


929F 


0-CH2-CH2-N<^C2 

\h5 

2-isopropyl-5-methylphenoxyethyldiethylamine 


Benadryl 

(Diphen¬ 

hydramine) 


/ 

\ 


CH 


CH 


3 

3 


0  dimethylaminoethylbenzhydryl  ether 


Derivatives  of  Ethylenediamine 


General 

formula 


CII3 

/ 


—  CH2  —  CHa  —  N 


ch3 


Rl  _ R2 


Antergan 
(2339  R.P.) 

(Benzyl) 

0- 

(Phenyl) 

Mepyramine 
(2786  R.P., 
Neoantergan, 
Anthisan) 

( p-methoxy- 
'  "benzyl) 

(2-pyridyl) 

Pyribenzamine 

(Tripelennamine) 

O- 

Chlorothen 

C£Vs/CH2- 

O' 

N 

/ 


FORMULAE  OF  ANTI-IIIST AMINES 


67 


Antistin 


N  —  CH2 — C 


/"  CH? 


'NH - CH, 


2-(N-phenyl-N-benzylaminomethyl)-im  inazoline 


Promethazine 
( Phenergan 
3277  R.P.) 


0-dimethylamino-N-propylthiodiphenylamine 


Thephorin 

(Phenindamine) 


2-methyl-9-phenyl-2,  3,  4 , 


9-tetrahydro-l  -pyridindene 


lylamine 


W 

N-(2-chloroethy])-N-ethyM-naphthaIencmetl 
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et  al.  introduced  the  still  more  potent  Neoantergan  (Mepyramine), 
and  in  11)45  Mayer  et  al.  described  the  closely  related  compound 
Pyribenzamine.  In  1945,  Loew  et  al.  introduced  Benadryl  (Di¬ 
phenhydramine)  and  in  1947  Halpern  reported  the  powerful 
anti-histamine  actions  of  Promethazine  (3277  R.P.,  Phenergan). 
Other  drugs  of  this  group  include  Antistin  (Meier  and  Bucher, 
1946).  Iletramine  (Fcinstone  et  al.,  1946).  Neohetramine  (Reinard 
and  Scudi,  1947).  t'hlorothen  (Litchfield  et  al.,  1947)  and  Thephorin 
(Lehmann,  1948),  which  is  very  interesting  since  its  chemical 

structure  is  quite  different  from  the  others. 

Loew  and  Micetich  (1948)  and  Stone  and  Loew  (1948)  have 
recently  described  a  series  of  compounds  which,  unlike  most 
anti-histamines,  antagonize  the  effects  of  adrenaline  as  well  as 
those  of  histamine.  The  most  important  member  of  this  series  is 
N-(2-chloroethyl)-N-ethyl-l -naphthalenemethylamine,  which  is  as 
potent  as  mepyramine  in  the  protection  of  guinea  pigs  against 
histamine  toxicity  or  anaphylactic  shock. 


for  many  studies  on  rue  aiduvi  - 

and  has  been  most  simply  performed  on 
histamine,  usually  given  intravenously  or 
,  i  .  •  _ nc-nllVY  1!  1 1  rlpnth  m  a  lew 
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r  or  in  atomized  form  by 
few  minutes  from  bronchi- 
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After  Pyribenzamine  37  L. 13. 100  doses  of  histamine  weie  re¬ 
quired  to  produce  100  per  cent  of  deaths. 

After  Mepvramine  125  L.D.100  doses  of  histamine  were  re¬ 
quired  to  produce  100  per  cent  of  deaths. 

Halpern  (1947)  found  by  this  method  that  promethazine  could 
protect  guinea  pigs  against  up  to  1500  L.D.100  doses  of  histamine, 
a  remarkably  powerful  antagonism. 

Comparative  tests  of  this  kind  may  exaggerate  the  differences 
between  individual  drugs,  but  there  is  no  doubt  that  pyriben¬ 
zamine,  mepyramine  and  promethazine  are  more  effective  than 
antergan,  benadryl,  and  antistin  in  the  prevention  of  histamine 
induced  broncho-spasm,  and  the  former  are  also  generally  more 
potent  against  clinical  allergic  diseases. 

Anti-histamine  drugs  can  prevent  the  blood  pressure  lowering 
action  of  histamine  in  anaesthetized  cats  or  dogs.  They  also 
antagonize  the  actions  of  histamine  on  the  smooth  muscle  of 
isolated  organ  preparations  such  as  the  intestine,  uterus  and 
perfused  lung.  The  histamine-induced  contraction  of  the  guinea 
pig  ileum  is  very  suitable  for  comparative  studies  on  anti¬ 
histamines,  since  the  histamine  stimulus  may  be  applied  repeatedly 
at  short  intervals  (e.g.  3  minutes)  and  the  anti-histamine  drug 
actions  are  usually  quite  easily  removed  by  washing  out.  The 
quantitative  aspects  of  this  technique  have  been  very  fully 
investigated  by  Schild  (1947)  who  found  mepyramine  to  be  the 
most  potent  anti-histamine  substance  on  the  guinea  pig  ileum. 
Reuse  (1948)  has  used  mepyramine,  in  low  concentrations,  as  a 
means  of  identifying  histamine  in  tissue  extracts,  in  the  same  way 
that  atropine  can  help  in  the  identification  of  acetylcholine. 

Capillary  Permeability.  Histamine  antagonists  can  prevent  the 
increase  in  capillary  permeability  produced  by  histamine  (Last  and 
Loew,  1947).  Both  benadryl  and  mepyramine,  given  sub¬ 
cutaneously  in  rabbits,  could  diminish  or  prevent  the  escape  of 
intravenously  injected  trypan  blue  at  sites  of  intradermal  injection 
of  histamine.  Halpern  (1949)  has  particularly  emphasized  that 
promethazine  opposes  the  increase  in  capillary  permeability  evoked 
)y  other  substances  besides  histamine.  He  found  that  it  could 
prevent  the  appearance  of  the  acute  pulmonary  oedema  induced 
by  adrenaline,  chloropicrin  or  phosgene;  promethazine  also 
prevented  the  production  of  experimental  orthostatic  albuminuria 
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in  rabbits.  Halpern  has,  therefore,  suggested  that  apart  from  its 
anti-histamine  action,  promethazine  has  some  direct  effect  on 
capillary  permeability.  This  action  might  be  related  to  the  finding 
of  Haley  and  Harris  (1949)  that  promethazine,  and  some  other 
histamine  antagonists,  cause  powerful  contraction  of  the  pre¬ 
capillary  sphincters  in  the  vessels  of  the  rat’s  meso-appendix.  The 
concentration  of  promethazine  required  for  this  action  was  of  the 
order  to  be  expected  in  tissues  from  administration  of  the  usual 
doses  of  the  drug  by  mouth  or  by  injection.  Last  and  Loew  (1947) 
showed  that  the  increased  permeability  produced  by  intradermal  in¬ 
jection  of  trypsin,  snake  venom,  staphylococcus  toxin  or  other 
nocuous  substances,  as  well  as  that  resulting  from  injection  of  horse 
serum  into  sensitized  rabbits  to  produce  the  Art  1ms  reaction,  were 
not  modified  by  benadryl.  However,  Benacerraf  and  Fischel  (1949) 
have  found  that  very  large  doses  of  promethazine  (25-100  mg./kg.) 
can  inhibit  severe  Arthus  reactions,  probably  bv  the  vascular 
mechanisms  just  described.  This  drug  also  inhibited  the  skin 
responses  to  streptococcal  erythrogenic  toxin.  It  is  still  not 
clear  what  part,  if  any,  is  played  by  histamine  in  such 
reactions. 

Macht  et  al.  (1949)  have  noted  that  benadryl  and  pynbenzaminc 
(introduced  by  iontophoresis)  inhibited  the  formation  of  experi¬ 
mental  frost  bite  wheals  in  human  skin.  The  drugs  also  reduced 
the  tendency  to  vesicle  formation,  but  had  no  effect  on  the  tender¬ 
ness,  pain  and  redness  which  were  present  for  the  first  tew  clays 

after  freezing.  .  .  . 

Inhibition  of  Histamine  Wheal  by  Anti-histamine  Drugs  in  Ma  n. 
Bain  and  Ids  colleagues  at  Leeds  (Bain  et  al.,  1948,  and  Barn  1949) 
have  studied  the  actions  of  anti-lustamine  drugs,  given  both  locally 
and  by  mouth,  on  the  development  of  the  flare  and  wheal  responses 
to  intradermal  injection  of  histamine  in  normal  human  subjc  s 
By  measuring  the  amount  of  drug  required  to  reduce  the  area  of 
histamine-induced  wheals  by  50  per  cent  they  were  able  to  com- 
pare  the  might  for  weight  potencies  ol  anti-histamim  du  g  . 
example  thfv  found  after  oral  administration,  the  following 
equivalent  potencies  for  single  doses  of  the  drugs  menhoiied 

u7eP/™thS  to  f°llOW  thC 
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duration  of  action  of  anti-histamine  drugs.  The  results  will  be 
discussed  later. 

Anti-anaphylactic  Actions.  As  was  to  be  expected,  anti-histamine 
drugs  can  prevent  the  symptoms  and  signs  of  anaphylactic  shock 
in  animals.  This  effect  has  been  most  simply  demonstrated  in 


CASE  I 


CASE  II 


BEFORE  AFTER  BEFORE  AFTER 

RAGWEED 

EXTRACT 


Fig.  6 

The  responses  to  ragweed  extract  were  tested  in  2  allergic  subjects 
minutes  after  oral  administration  of  100  mg.  of  pyribenzamine  the 
Hare  and  wheal  responses  were  much  smaller  than  in  the  control 

observations. 

(After  Arbesman  et  al,  1946.) 


guinea  pigs,  and  it  is  interesting  to  note  that  the  differences  in 
potency  among  drugs  of  this  group  are  much  less  with  respect  to 
their  anti-anaphylactic,  than  to  their  anti-histamine  actions.  For 
example,  Fnedlaender  et  al.  (1946)  found  that  although  pyri- 
benzamine  was  seven  times  more  powerful  than  benadryl  against 
histamine  shock,  there  was  no  difference  in  their  capacity  to 
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prevent  the  anaphylactic  response.  Landau  et  al.  (1048)  showed 
that  in  spite  of  wide  differences  in  anti-histamine  potency,  benadryl, 
pyribenzamine,  mepyramine,  chlorothen  and  promethazine  were 
equi-active  against  anaphylactic  shock  in  guinea  pigs.  Antistin  was 
definitely  weaker  than  the  other  compounds,  both  against  hista¬ 
mine  toxicity  and  anaphylactic  shock.  Halpern  (1947)  found  that 
these  drugs  (e.g.  promethazine)  could  not  only  prevent  the  acute 
shock  but  also  the  tissue  eosinophilia  as  seen,  for  example,  in  the 
lungs. 

In  man,  Harley  (1946)  showed  that  benadryl  reduced  the 
skin  response  to  grass  pollen  extracts  in  allergic  subjects,  and 
Arbesman  et  al.  (1946)  have  shown  a  similar  effect  with  pyri¬ 


benzamine  (Fig.  6).  Herxheimer  (1949)  has  also  demonstrated  the 
prevention  of  mild  pollen-induced  bronchospasm  by  means  of 
mepyramine  and  promethazine. 

The  possibility  that  anti-histamine  drugs  might  prevent  the 
development  of  chronic  allergic  tissue  reactions  has  been  studied, 
among  others,  bv  MacGregor  and  Wood  (1949).  They  injected 
horse  serum  into  rabbits  and  noted  the  previously  reported 
appearance  of  myocardial  and  valvular  lesions  resembling  those  of 
rheumatic  fever  or  polyarteritis  nodosa.  Mepyramine  and  benadryl 
had  no  effect  on  the  development  of  these  lesions. 

Gastric  Secretion.  It  is  a  very  interesting  finding  that  anti¬ 
histamine  drugs  do  not  inhibit  the  secretion  of  IK'1  evoked  by 
histamine  (Locw,  1947).  Indeed  there  is  some  evidence  that  these 
drugs  may  actually  increase  the  gastric  secretory  response  to 
histamine  in  cats  and  in  man  (Wood,  1948;  Doran,  1947; 
Ashford  et  al,  1949).  A  most  striking  demonstration  of  tins 
anomalous  finding  is  seen  in  the  work  of  Halpern  (1947)  w  o 
showed  that  although  guinea  pigs  could  be  protected  ag.uns 
immediate  effects  of  up  to  1500  lethal  doses  of  Ins ;  amine  b> 
promethazine,  many  animals  died  24-48  hours  later  with  acute 
perforations  of  the  stomach,  presumably  due  to  the  very  powerful 
stimulation  of  HC1  secretion  by  the  histamine.  sccretion. 

Anti-histamine  drugs  have  no  effect  on  ,,<>rnlf\l ^V  from  their 

Other  Actions  of  Anti-histamme  T)ruus.  Apart  from  tic 
antagonism  towards  histamine  these  drugs  have  certain  other 

"TlocoI  Anesthesia.  All  the  Thai 

amesthetics.  For  example  Dews  and  Graham  (194t,) 
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mepyramine  was  about  three  times  as  powerful  as  procaine.  It 
would  seem  probable  that  anti-histamine  action  is  not  related  to 
local  anaesthetic  potency. 

(ii)  Quinidine-like  Action.  Dews  and  Graham  (1946)  found 
that  mepyramine  was  twice  as  potent  as  quinidine  in  prolonging 
the  refractory  period  of  the  rabbit’s  auricle. 

(Hi)  Anti- acetylcholine  Action.  These  drugs  produce  atropine¬ 
like  effects,  e.g.  dryness  of  the  mouth.  They  antagonize  the  actions 
of  acetylcholine  on  smooth  muscle  but  Schild  (1947)  has  shown 
that  higher  concentrations  are  required  for  this  effect  than  to 
antagonize  the  actions  of  histamine.  Mepyramine  in  particular  is 
highly  specific  in  its  antagonism  to  histamine,  its  anti-acetylcholine 
action  being  very  weak. 

(iv)  Anti-adrenaline  Action.  A  few  members  of  this  group 
antagonize  certain  actions  of  adrenaline,  e.g.  N-(*2-chloroethyl)- 
N-ethyl-l-naphthalenCmethylamine  (Loew  and  Micetich,  1948) 
and  thephorin  (Lehmann  et  al.,  1949). 

(r)  Central  Nervous  System.  In  man  these  drugs,  especially 
benadryl,  frequently  produce  drowsiness.  Hewer  and  Keele 
(1948)  have  shown  that  benadryl  and  mepyramine  have  analgesic 
actions  in  man.  These  central  effects  may  explain  the  relief 
produced  in  some  patients  with  pruritus. 

Churchill  and  Gammon  (1949)  have  studied  the  actions  of 
benadryl  and  pyribenzamine  in  patients  with  epilepsy.  Benadryl, 
acting  like  mephenesin,  diminished  the  eleetroencephalographic 
abnormality,  and  reduced  the  frequency  of  attacks  in  petit  mal.  but 
actually  induced  seizures  in  patients  with  focal  lesions  of  the 
cerebral  cortex.  Pyribenzamine  increased  the  abnormality  in  both 
petit  mal  and  focal  cases. 

(vi)  Action  on  Hyaluronidase  ( spreading  factor).  It  has  been 
claimed  by  Mayer  and  Kull  (1947)  and  by  Elster  et  al.  (1949)  that 
m  vivo  pyribenzamine  antagonizes  the  spreading  action  of 

there  iS  "°  such  antagonism  in  vitro  it  is 
possible  that  this  effect  is  due  to  sc 

pyribenzamine  in  the  body. 


some  compound  formed  from 


Absorpti°n  and  Excretion  of  Anti-histamine  Drugs 

and  trilme  ^ K  ^ 
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blood  level  began  to  rise  about  one  hour  after  ingestion,  and 
reached  a  peak  value  of  about  1  /xg./ml.  after  l£-2  hours;  with 
pyribenzamine  the  blood  levels  rose  more  slowly  and  had  not 
reached  a  peak  after  three  hours. 

Both  drugs  were  excreted  in  the  urine.  After  24  hours  46  per 
cent  of  benadryl  and  20  per  cent  of  pyribenzamine  were  recovered. 
However,  it  seems  highly  probable  from  the  work  of  Glazko  et 
al.  (1949),  who  studied  the  distribution  and  excretion  of  benadryl 
containing  radioactive  carbon,  that  about  90  per  cent  of  the 
material  present  in  the  urine  represents  degradation  products  of 
benadryl.  Glazko  and  Dill  (1949)  incubated  benadryl  with  various 
tissues  in  rats,  guinea  pigs  and  rabbits  and  found  that  liver  caused 
the  greatest  destruction  of  the  compound,  though  lung  and  spleen 
were  also  active. 

Perlman  (1949)  has  described  a  method  for  the  determination 
in  body  fluids  of  anti-histamines  which  contain  pyridine  and 
dimethylethylenediamine  groupings  (e.g.  pyribenzamine  and 
mepyramine).  These  substances  react  with  cyanogen  bromide  to 
produce  a  blue  fluorescent  substance.  After  oral  administration  of 
pyribenzamine  the  highest  rate  of  excretion  occurred  within  H-4£ 
hours,  and  the  maximum  amount  excreted  was  about  10  per  cent 
of  that  ingested.  The  excreted  pyribenzamine  was  firmly  com¬ 
bined  with  some  acidic  substance  or  radical. 


Clinical  Uses  of  Anti-histamine  Drugs 

It  is  not  possible  in  the  available  space  to  review  the  whole  of 
the  extensive  literature  in  this  field,  but  there  are  a  number 
of  general  aspects  and  certain  conclusions  to  be  discussed.  The 
reviews  bv  Feinberg  (15*46.  1947),  Hunter  and  Dunlop  (1948  , 
Loew  (1947)  and  Loveless  and  Dworin  (1949)  should  be  consulted. 

in  the  first  place  it  must  be  emphasized  that  the  ant.-h.stam.ne 
drugs  are  purely  palliative  in  their  actions.  1  hey  have  no  effect 
i  fhe  development  of  sensitization,  and  they  do  not  interfere  with 
the  presumed  antigen-antibody  reactions  which underhe  Hie 

tadXi^  “,ureS;  nm  do  Ihcy  re 

Warsaw 

even  uniformly  effective  against  the  immediate  .  I 
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(1 !) i<S)  have  emphasized  that  the  clinical  effectiveness  of  the  various 
anti- histamine  drugs  is  much  more  closely  related  to  their  anti- 
anaphylactic  than  to  their  anti-histamine  potencies  in  animals. 

Effects  in  Urticaria,  Serum  Sickness  and  Dermographism 

There  is  no  question  about  the  considerable  symptomatic  value 
of  these  drugs,  which  will  first  be  considered  in  relation  to  such 
characteristic  allergic  conditions  as  urticaria,  serum  sickness  and 
dermographism. 

It  has  been  the  general  experience  that  about  80  per  cent  of 
patients  with  urticaria  and  angioneurotic  oedema  obtain  worth¬ 
while  relief  from  anti-histamine  drugs.  The  relief  of  itching  may  be 
more  striking  than  the  diminution  of  oedema.  In  serum  sickness  or 
in  penicillin  reactions  the  joint  symptoms  are  more  resistant  than 
the  manifestations  in  skin  and  mucous  membranes.  Acute 
urticaria  usually  responds  better  than  the  chronic  forms.  Though 
the  drugs  prevent  the  development  of  new  lesions  they  do  not  affect 
established  lesions. 

According  to  Feinberg  (1947),  benadryl  and  pyribenzamine  are 
about  equally  effective  against  urticaria.  Bain  et  al.  (1948  and 
1949)  have  correlated  clinical  improvement  in  urticaria  following 
mepyramine  and  promethazine,  with  coincidental  reductions  in 
skin  responses  to  histamine.  They  found  that  chronic  urticaria  was 
just  controlled  by  doses  of  mepyramine  and  promethazine  which 
reduced  the  area  of  the  intradermal  histamine  wheal  by  about  50 
per  cent.  They  also  compared  the  therapeutic  potency  of  mepy¬ 
ramine  and  promethazine  by  finding  the  smallest  dose  of  each  drug 
winch  would  just  prevent  the  appearance  of  urticarial  lesions  ;  in 
this  way  they  showed  that  25  mg.  daily  of  promethazine  was  as 
effective  as  350  mg.  daily  of  mepyramine,  or  in  other  words 
promethazine  was  14  times  as  potent  as  mepyramine.  Against 

urticaria,  antistin  appears  to  be  less  effective  than  the  other  drugs 
(Britton,  1947).  * 

The  palliative  non-curative  nature  of  anti-histamine  drug 
action  was  well  shown  by  Hunter  (19-17)  who  noted  recurrence  in 
patients  with  chrome  urticaria  when  tablets  of  mepyramine  were 
i (placed  by  dummy  tablets.  There  is  no  evidence  that  the  course 

shorte?edTydrsneSdru;.SerUm  urtioaria  » 

The  beneficial  action  of  anti-histamines  in  dermographism  has 
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been  applied  by  Feinberg  (1947)  to  the  suppression  of  non- 
specitie  reactions  in  the  course  of  skin  sensitivity  tests  in  allergic 
subjects.  . 

In  cases  of  chronic  urticaria  in  which  mepyramine  was  given  for 
periods  up  to  two  years  there  was  no  evidence  of  any  increased 
tolerance  to  the  drug  (Hunter  and  Dunlop,  1948). 


Hay  Fever  and  Perennial  Allergic  Rhinitis 

The  general  response  to  anti-histamine  drugs  in  these  conditions 
has  been  that  about  80  per  cent  of  hay  fever  patients,  and  about 
50  per  cent  of  patients  with  perennial  vasomotor  rhinitis,  show 
definite  improvement.  Pvribenzamine  and  mepyramine  appear  to 
be  more  effective  than  benadryl  or  antistin.  In  allergic  rhinitis  the 
most  striking  effect  is  the  relief  of  itching  and  sneezing.  Reduction 
of  intranasal  oedema  is  less  marked,  and  it  may  be  desirable  in 
some  cases  to  add  the  vasoconstrieting  properties  of  ephedrine  to 

the  effects  of  the  histamine  antagonist. 

It  will  be  recalled  that  in  urticaria  and  hay  fever  we  are  dealing 
with  the  actions  of  what  Dale  (1948)  has  called  extrinsic 
histamine.  This  may  account  for  the  good  responses  obtained 

with  anti- hist  amine  drugs. 


A  AHhoueh  earlier  clinical  studies  suggested  that  anti-histamines 
produced  improvement  in  asthma,  it  is  now  general  y  accepted 
that  these  drugs  arc  of  little  or  no  t.cneflh  in  tins  cona.Uon  e  P 

Levy  and  Seabury  (1947)  who  observed  no  mcrca.se  mji,.! 

(1948)  and  Southwe  (1948^  ^  reducti„n  in  vital 

are  not  clear,  u  >  V  histamine  in  asthmatic  subjects 

capacity  produced  by  mjccti  ^rizamine  could  completely 

and  showed  that  beiuu  r\  or  P>  However  it  will  be 

prevent  this  action  of  histamine  is  to  be 

noted  that  in  these  expernner  thc  allergic  response  might 

regarded  as  “extrinsic,  in%ery  close  relation 

release  histamine  ol  1  "»  rl,ls  •  The  concentration  of 

to  the  bronchiolar  muscle  and  mucosa. 
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anti-histamine  drugs  might  be  adequate  to  counteract  “extrinsic’ 
but  not  “intrinsic”  histamine,  and  to  overcome  this  difficulty 
Feinberg  has  suggested  the  inhalation  of  aerosols  ot  anti- histamine 

drugs.  .  . 

However  it  still  remains  possible  that  asthma  is  not  primarily 

due  to  the  actions  of  histamine  at  all.  It  may  be  mentioned  that 


Fig.  7 

Pyribenzamine  on  Histamine  Bronciioconstriction 

Intravenous  injection  of  0.02  mg.  of  histamine  caused 
marked  temporary  reduction  in  vital  capacity  due  to 
bronciioconstriction.  Previous  administration  of  50  mg. 
of  Pyribenzamine  by  mouth  prevented  this  action  of 

histamine. 

(After  Curry,  1946.) 

Curry  (1947)  iound  that  asthmatic  subjects  were  even  more 
sensitive  to  the  actions  of  acetyl-j8-methyl  choline  than  to 
histamine. 

Skin  Diseases  Other  than  Urticaria 

The  itching  of  atopic  dermatitis  usually  responds  well  to  anti¬ 
histamine  drugs,  and  the  subsequent  cessation  of  scratching  may 
allow  the  skin  condition  to  improve.  In  contact  dermatitis, 
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eczema  and  some  types  of  pruritus,  itching  may  also  be  relieved, 
though  usually  less  effectively  than  in  atopic  dermatitis.  Anti¬ 
histamine  drugs  have  usually  been  administered  orally  in  these 
conditions,  but  Feinberg  and  Bernstein  (1947)  have  reported  good 
results  with  an  ointment  containing  2  per  cent  pyribenzamine 
hydrochloride. 

Strauss  (1949)  has  reported  very  rapid  relief  of  pain  and  loeal 
manifestations  after  application  of  5  per  cent  thephorin  ointment  to 
sites  of  bee  stings.  It  was  also  effective  against  stings  by  wasps 
and  hornets,  and  against  bites  by  ants  and  mosquitoes. 


Miscellaneous  Uses 

Anti-histamine  drugs  have  been  described  by  some  as  effective 
in  gastro-intestinal  allergy,  in  migraine,  in  erythema  multiforme, 
in  allergic  eye  diseases  and  in  drug  eruptions  of  the  urticarial 
type. 

The  anti-histamine  drugs  have  been  found  useful  in  the  control 
of  local  and  systemic  reactions  produced  by  specific  antigens 
during  desensitization  therapy.  They  can  also  be  used  to  prevent 
local  hypersensitivity  reactions  to  injection  of  liver  extract  or 
insulin  (e.g.  Hunter  and  Ilill,  1947). 

It  has  been  claimed  by  Craig  et  al  (1949)  that  mepyramine  is 
effective  in  acute  nephritis.  If  this  report  is  confirmed  it  would 
be  most  interesting,  since  it  is  difficult  to  see  how  the  effect  could 
be  due  to  the  anti-histamine  properties  of  the  drug,  and  it 
might  be  that  mepyramine  in  some  way  influences  the  allergic 

process  thought  to  underlie  this  condition. 

It  has  been  stated  by  Brewster  (1949)  that  a  number  of  anti¬ 
histamine  drugs  were  effective  in  the  treatment  of  the  common 
cold,  but  a  properly  controlled  study  by  Baton  et  al.  (1949)  on  t  le 
actions  of  mepyramine  in  this  condition  did  not  confirm  this 

claim. 


Central  Nervous  Actions  of  Anti-histamines 

It  is  now  well  recognized  that  anti-histamines  exert  definite 
effects  on  the  central  nervous  system,  and  reference  has  a  ready 
been  made  to  the  soporific  and  analgesic  action  so  ft hese  Mo 
It  seems  likely  that  certain  therapeutic  applications 
compounds  arc  based  on  their  central  nervous  actions. 

Parkinsonism.  Beneficial  effects  from  ant, -histamine  drugs  in 
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ACTIONS  ON  VOMITING  CENTRE 

Parkinsonism  have  been  reported  in  France  and  the  U.S.A.,  and 
Ryan  and  Wood  (1949)  have  described  their  results  of  administra¬ 
tion  of  benadryl  to  40  patients  with  this  disease.  The  most  striking 
benefit  was  relaxation  of  rigidity,  tremor  usually  showing  no 
improvement. 

Actions  on  the  Vomiting  Centre.  Rignal  1  and  Crofton  (1949) 
have  described  the  successful  use  of  benadryl  and  antistin  in  the 
relief  of  nausea  and  vomiting  produced  during  treatment  with 
streptomycin.  These  authors  emphasize  that  the  anti-histamine 
drugs  have  no  effect  on  the  giddiness  due  to  streptomycin.  However. 
Brown  and  Hunter  (1948)  observed  no  benefit  from  administration 
of  mepyramine  to  patients  with  irradiation  sickness  ;  indeed  there 
was  more  constitutional  upset  in  treated  patients  than  in  untreated 
controls. 

A  most  interesting,  and  useful,  application  of  an  anti-histamine 
drug  is  described  by  Gay  and  Carliner  (1949).  They  gave  “drama- 
mine”  (^-dimethylaminoethylbenzohydrylether-8-chloro-theophyl- 
line)  to  a  pregnant  woman  with  urticaria,  who  noted  that  the 
drug  completely  prevented  car  sickness,  to  which  she  was  very 
predisposed.  The  authors  then  organized  a  large  scale  trial  of  the 
drug  for  its  effects  on  seasickness  in  485  American  soldiers 
travelling  in  a  liner  from  U.S.A.  to  Bremerhaven.  Carefully 
controlled  observations  showed  that  “dramamine”  was  much  more 
effective  than  a  placebo,  both  in  the  prevention  and  treatment  of 
seasickness,  hor  example,  372  of  389  seasick  soldiers  were  com¬ 
pletely  relieved  within  one  hour  of  oral  administration  of  a  single 
100  mg.  dose  of  “dramamine”;  the  usual  dosage  was  100  mg.  five 
hourly,  which  produced  no  side  effects.  Rust  and  Fosberv  (1949) 
ha\  e  confirmed  these  findings,  and  have  found  “dramamine”  to  be 
effective  in  persons  who  do  not  respond  to  hyoscine.  They  regard 
50  mg.  twice  daily  as  an  adequate  dose.  Strickland  and  Hahn 
(1949)  also  found  that  “dramamine”  was  useful  in  the  prevention 
of  airsickness,  but  the  effects  were  less  striking  than  those  reported 
in  seasickness.  Carliner  et  al.  (1949)  have  also  reported  beneficial 
e  ects  from  administration  of  “dramamine”  to  women  suffering 
from  vomiting  of  pregnancy. 

McEvedy  (1949)  has  compared  the  effects  of  mepyramine  and 
hyoscine  in  the  control  of  seasickness  ;  he  found  ‘l00  mS.  of 
mepyramine  at  least  as  effective  as  0.65  mg.  of  hyoscine,  and 
recommended  three  daily  doses  of  the  former  drug. 


80 


A  NT  I  II I  ST  A  MINE  DR  UGS 

Administration  and  Dosage 

1  he  anti-histamine  drugs  are  usually  administered  orally  in 
tablet,  capsule  or  liquid  form  (see  Hunter  and  Dunlop.  1948). 
They  may  occasionally  be  given  by  subcutaneous,  intramuscular 
or  slow  intravenous  injection.  The  usual  single  oral  dose  of 
benadryl  and  pyribenzamine  is  50  mg.,  and  of  mepyramine  and 
antistin  100  mg.  The  maximum  daily  dose  of  benadryl  is  about 
400  mg.,  of  pyribenzamine  600  mg.  and  of  antistin  and  mepyramine 
800  mg.  As  Bain  et  al.  (1948)  have  shown,  even  larger  doses  of 
mepyramine  (up  to  1,200  mg.  daily)  may  be  required  to  control 
urticaria  in  some  patients,  but  of  course  side  actions  are  much 
more  frequent  with  such  large  amounts. 

The  drugs  are  generally  fairly  rapidly  absorbed  from  the 
alimentary  tract  and  peak  action  occurs  after  l|-4  hours.  It  is 
usually  stated  that  the  actions  persist  for  4-6  hours,  but  Bain 
et  al.  (1948  and  1949)  have  shown  that  promethazine  differs 
markedly  from  the  other  anti-histamine  drugs  in  having  a  very 
prolonged  action.  For  example,  they  studied  the  duration  of  action 
of  some  of  these  drugs  by  recording  their  inhibitory  effects  on  the 
size  of  the  intradermal  histamine  wheal,  induced  at  frequent 
intervals.  To  compare  the  drugs  with  each  other  they  measured 
the  time  of  decay  from  full  action  to  hall  action  and  obtained  the 
following  figures  (see  Fig.  8). 


Promethazine 

Mepyramine 

Antistin 

Pyribenzamine 


19^  hours 

5  hours  10  minutes 
3 1  hours 
3 1  hours 


Perry  and  Hearin  (1949)  have  recorded  the  duration  of  action 
of  anti-histamine  drugs  by  measuring  the  cutaneous  response  to 
different  concentrations  of  histamine  introduced  by  iontophoresis. 
With  50  mg.  of  benadryl  or  pyribenzamine,  the  maximum  eltect 
occurred  about  2  hours  after  ingestion,  and  the  action  was  over  in 

3  Bain  'etal.  I.ave  taken  advantage  of  the  prolonged  action  of 
promethazine  in  the  following  way.  A  single  dose  of 
is  .liven  daily  at  night.  The  side  effects  are  insignificant  during  tli 
nj£ht  (indeed  the  soporific  action  may  he  liclplul)  and  pass  off  be  to  c 
the  morning,  whilst  the  therapeutic  effect  is  much  more  prolonged. 


TOXIC  EFFECTS 
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lasting  for  over  24  hours.  Administration  of  the  other  anti¬ 
histamine  drugs  is  usually  required  three  times  daily,  but  the 
spacing  of  dosage  should  be  related  to  the  time  of  day  when 
allergic  symptoms  are  to  be  expected. 

Toxic  Effects  of  Anti  histamine  Drugs 

Toxic  side  effects  with  these  drugs  are  fairly  frequent  (20-50  per 
cent  of  cases).  Mepyramine  and  pyribenzamine  are  better  tolerated 


EFFECT  OF  ORALLY  ADMINISTERED  ANTIHISTAMINES 
ON  THE  HISTAMINE  WHEAL  RESPONSE. 


FOUR  SUBJECTS 


3277  *P .  29  MG 

27M  RP . IOO  - 


Fig.  8 

Duration  of  Action  of  Anti-histamine  Drugs  in  Man 

'I'he  actions  of  the  various  drugs  were  estimated  at  intervals  bV  measuring 
the  area  of  the  wheals  produeed  by  intradermal  histamine. 

SHI  !>  L  =Lr0metliazinc  (Plienergan) 

-iSb  K.P.= Mepyramine  (Anthisan) 

Note  the  very  slow  rate  of  decay  in  the  action  of  promethazine. 

(After  Bain,  1949.) 
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than  benadryl  and,  since  they  are  also  more  potent,  they  are 
therapeutically  more  effective.  The  commonest  symptoms  are 
drowsiness  and  lassitude  which  are  most  frequently  seen  with 
benadryl,  and  least  with  thephorin  (Frank,  1948),  which  actually 
more  frequently  produces  insomnia  and  other  signs  of  central 
nervous  stimulation.  Such  symptoms  are  commoner  in  ambulant 
patients  than  in  those  resting  in  bed.  Amphetamine  may  be  given 
to  overcome  the  soporific  action  of  benadryl.  Other  undesirable 
actions  are  dizziness,  headache  and  dryness  of  the  mouth  and  nose. 
Nausea,  vomiting,  mild  colic  and  diarrhoea  (most  frequent  with 
antistin,  mepyramine  and  pyribenzamine)  can  usually  be  avoided 
by  taking  the  drugs  in  the  middle  of  or  after  meals.  Promethazine 
produces  lightheadedness,  aching  limbs  and  ataxia  (Bain  et  al., 


1948). 

An  interesting  complication  following  local  application  of 
pyribenzamine  has  been  the  development  of  dermatitis  (Epstein, 
1947).  The  prolonged  local  use  of  thephorin  in  chronic  pruritic 
dermatitis  led  to  final  exacerbation  of  the  condition  in  14  of  50 
patients  studied  by  Ellis  and  Bundick  (1949).  In  5  of  the  14 
patients  patch  tests  were  done  ;  all  were  positive.  It  is  certainly 
desirable  to  know  whether  prolonged  local  application  (e.g.  for 
6  weeks  or  more)  of  other  anti-histamine  drugs  produces  similar 

reactions. 

It  is  important  to  emphasize  that  there  are  considerable 
individual  variations  in  the  development  of  these  side  actions, 
and  if  one  drug  is  not  tolerated  another  may  sometimes  be 

It  is  not  yet  known  whether  long  periods  of  administration  ot 
anti-histamine  drugs  have  any  harmful  effects,  but  so  far  there  has 
been  no  evidence  of  toxic  actions  on  kidney,  liver  or  blood,  excep 
for  one  case  of  granulocytopenia  following  pyribenzamine  (Blanton 

^Deaths'  following  accidental  overdosage  of  an  anti -histamine 
drug  have  been  reported.  Tobias  (1949)  has  described  the  ease  of  a 
child  of  21  months  who  swallowed  600  mg. ^>f  mepyramine  maleate, 
nnd  Rives  et  al  (1949)  have  recorded  the  case  of  a  child  of  » 
months  who  took  100  mg.  of  Methapyrilene  (T.jcnykme  Mo  both 
cases  after  signs  of  initial  central  nervous  depression,  there  ^ 
convulsions.  Rives  et  al.  observed  cerebral  oedema  and  1 1 
nephron  nephrosis  at  necropsy. 


CONCLUSIONS 
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Conclusions 

This  discussion  of  the  anti-histamine  drugs  has  been  deliberately 
restricted  to  those  substances  whose  actions  have  been  sufficiently 
tested,  both  experimentally  and  therapeutically,  to  justify  at  least 
an  interim  evaluation.  The  efficacy  of  these  drugs  in  urticaria  and 
allergic  rhinitis  seems  to  be  proved,  and  their  relative  ineffective¬ 
ness  in  asthma  is  now  generally  accepted.  It  is  still  difficult  to 
summarize  the  comparative  effectiveness  of  these  drugs.  Benadryl 
is  undoubtedly  more  liable  to  produce  drowsiness  than  the  others  ; 
of  the  drugs  in  general  use,  antistin  is  definitely  the  weakest  and 
also  the  least  toxic,  weight  for  weight,  and  promethazine  is  clearly 
the  longest  acting  member  of  the  group.  Individual  variations  in 
the  dose  required  to  control  symptoms,  and  differences  in  sensi¬ 
tivity  to  side-actions  make  difficult  a  final  assessment  of  their 
comparative  values. 

The  future  of  the  anti-histamines  may  lie  in  making  better  use 
of  the  available  drugs  rather  than  in  the  discovery  of  new  drugs. 
Large  numbers  of  antagonists  have  been  produced  in  recent  years, 
particularly  in  the  U.S.A.,  but  very  few  are  likely  to  prove  of 
practical  importance.  It  would,  of  course,  be  desirable  to  find 
compounds  with  reduced  toxicity  and  greater  duration  of  action, 
and  an  interesting  substance  for  which  these  properties  have 
recently  been  claimed  is  “Histantin”  [N-methyl-N  '-(4-chloro- 
benzhydryl)  piperazine  dihydrochloride]  (Jaros  et  al.,  1949  ; 
Castillo  et  al.,  1949).  It  is  less  toxic  than  pyribenzamine  and 
appears  to  be  almost  as  long  acting  as  promethazine. 
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CHAPTER  4 


SENSITIZATION  TO  DRUGS 
(DRUG  ALLERGY) 


The  toxic  effects  which  may  arise  during  therapeutic  administra¬ 
tion  of  drugs  are  of  two  main  types  : — 

(1)  Those  due  to  overdosage.  This  is  most  liable  to  occur  with 
cumulative  drugs  like  digitalis,  or  with  drugs  such  as  salicylates 
when  given  in  large  doses  in  the  treatment  of  rheumatic  fever. 

It  should  be  emphasized  that  the  toxic  dose  varies  considerably 
among  different  individuals,  a  point  which  is  fully  discussed  in 
Chap.  17  where  the  relation  between  the  dose  of  sodium  salicylate 
and  the  appearance  of  signs  of  salicylism  is  discussed.  Some 
patients  showed  signs  of  toxicity  with  very  small,  sub-therapeutic 
doses.  Such  individuals  might  be  described  as  hypersensitive,  but 
it  must  be  stressed  that  the  hypersensitivity  so  revealed  relates  to 
the  development  of  symptoms  identical  with  those  which  would 
occur  in  every  subject  who  received  a  large  enough  dose. 

(2)  Those  due  to  abnormal  reactions,  quite  distinct  from  the 
usual  pharmacological  or  toxicological  effects  of  a  drug.  Such 
reactions  have  been  described  as  “ drug  idiosyncrasy ”  or  “drug 
allergy,''  and  since  the  characteristic  responses  may  frequently  be 
elicited  by  very  small  doses  of  the  drugs,  the  phrase  “ drug  hyper¬ 
sensitivity  has  also  been  used,  but  clearly  in  a  different  sense  from 
that  described  in  the  previous  paragraph.  It  is  these  abnormal 

patterns  ol  response  with  which  we  shall  be  concerned  in  this 
chapter. 

Characteristically  these  reactions  are  not  produced  on  initial 
administration  ol  drugs,  but  only  appear  after  what  might  be 
described  as  an  “incubation  period”;  hence  the  words  “sensitiza¬ 
tion’  or  “drug  allergy,”  have  been  used  to  describe  such  responses 
(the  word  “allergy”  was  introduced  by  Von  Pirquet  to  describe 
an  altered  capacity  to  react”).  In  some  instances  the  sensitization 
reactions  which  develop  in  response  to  the  administration  of  such 
use  ul  drugs  as  penicillin,  sulphonamides,  tridione,  and  the  anti- 
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thyroid  substances,  may  be  so  severe  as  to  contra-indicate  their 
therapeutic  use.  It  is  an  interesting  fact  that  many  of  the  signs  of 
drug  sensitization  such  as  fever,  leucoeytosis,  arthralgia,  lympha- 
denopathy  and  skin  rashes,  occur  also  in  some  infective  processes 
and  in  serum  sickness,  in  both  oi  which  allergic  tissue  reactions 
to  bacterial  and  foreign  proteins  respectively  are  probably  in¬ 
volved.  It  is  important  to  realize  that  drugs  of  quite  different 
chemical  constitution,  and  with  quite  different  pharmacological 
actions,  may  produce  identical  pictures  of  sensitization. 

the  subject  ot  drug  allergy  has  been  very  fully  reviewed  in 
relation  to  skin  manifestations  by  Sulzberger  (1940)  and  by 
Beerman  (1949).  and  the  more  general  aspects  have  been  discussed 
by  Rackemann  (1941),  by  Longcope  (1943)  and  recently  by 
Sherman  (1947  ;  1949).  It  has  been  pointed  out  by  these  authors 
that  drugs  such  as  adrenaline,  caffeine  and  cascara  sagrada  have 
never  been  shown  to  cause  this  type  of  sensitization,  whereas 
at  the  other  extreme  is  phenylethylhydantoin  (nirvanol)  which 
when  given  in  the  treatment  of  chorea  was  found  to  produce  signs 
of  sensitization  in  over  90  per  cent  of  patients.  The  characteristic 
features  of  allergic  drug  reactions  are  : — 

(1)  The  reactions  which  occur  are  entirely  different  from  the 
ordinary  pharmacological  effects,  and  there  is  usually  an  incubation 
period  of  5-14  days  after  first  exposure  to  the  drug. 

(2)  The  symptoms  and  signs  are  frequently  typical  of  allergic 
diseases,  e.g.  asthma,  rhinitis,  skin  eruptions  and  fever. 

(3)  The  symptoms  and  signs  can  be  reproduced  on  subsequent 
administration  of  the  drug,  sometimes  with  very  small  doses. 

(4)  In  certain  reactions  in  the  skin,  e.g.  contact  dermatitis,  a 
positive  patch  test  response  is  obtained  after  24-48  hours.  In  most 
other  cutaneous  drug  allergic  reactions,  skin  tests  are  negative. 

(5)  The  reaction  is  usually  specific,  i.e.  restricted  to  one  drug 
or  to  a  small  number  of  closely  related  chemical  compounds. 

(6)  There  are  usually  no  demonstrable  serum  antibodies 
towards  the  drug,  but  the  wrork  of  Landsteiner  and  Chase 
(1942)  has  suggested  that  antibodies  are  present  in  cells  such  as 
lymphocytes. 

(7)  Rich  (1942)  has  described  vascular  changes  of  the  peri¬ 
arteritis  nodosa  type  as  characteristic  of  drug  and  other  allergies, 
but  other  authors  consider  that  there  is  no  constant  histological 
picture  peculiar  to  allergic  reactions. 
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Other  reactions  to  drugs  which  are  sometimes  described  as 
allergic  include  the  production  of  hepatitis  by  cinchophen, 
arsphenamines,  or  sulphonamides,  the  occurrence  of  agranulo¬ 
cytosis  with  amidopyrine,  sulphonamides,  arsphenamines, 
thiouracil,  gold  salts  and  tridione,  and  the  occasional  development 
of  thrombocytopenic  purpura  with  “Sedormid”  (allylisopropyl- 
acetylurea).  These  reactions  will  not  be  further  discussed  here. 

Symptoms  and  Signs  of  Drug  Allergy 

Asthma  and  Rhinitis.  In  contrast  to  most  other  types  of  drug 
allergy,  asthma  and  rhinitis  usually  occur  in  persons  with 
hereditary  predisposition  to  allergy.  Drugs  which  may  produce 
these  reactions  include  aspirin  (acetylsalicylic  acid),  quinine, 
sulphonamides,  the  arsphenamines  and  penicillin.  The  asthmatic 
and  urticarial  reactions  due  to  aspirin  have  even  been  reported  as 
a  result  of  holding  a  tablet  in  the  mouth  for  a  few  seconds,  and 
death  has  resulted  from  oral  administration  of  5-10  grains  of  this 
drug  (Dysart,  1933). 

Urticaria  and  Angioneurotic  CEdema,  so  commonly  seen  as 
manifestations  of  allergic  sensitivity  to  proteins,  may  also  occur 
as  the  result  of  sensitization  to  drugs  such  as  salicylates,  barbi¬ 
turates,  sulphonamides  and  penicillin.  The  Serum  Sickness  type 
of  reaction,  most  typically  produced  by  injection  of  foreign  sera, 
can  also  occur  after  the  administration  of  drugs.  For  example, 
penicillin  may  produce  fever,  skin  rashes  (most  frequently 
urticarial),  lymphadenopathy,  arthralgia  and  effusions  into  joints. 
These  reactions  may  occur  with  amorphous  or  with  crystalline 
penicillin,  and  appear  after  an  incubation  period  of  5-14  days, 
as  with  serum  sickness. 

Drug  Rashes.  Skin  eruptions  are  the  commonest,  or  at  least 
the  most  frequently  recognized  manifestations  of  drug  allergy. 
Almost  all  types  of  skin  lesion  may  be  produced,  and  any  one  drug 
may  produce  different  types  of  eruption  in  different  persons.  The 
commonest  allergic  eruptions  are  the  urticarial  and  maculopapular 
types  produced  by  systemic  administration  of  salicylates,  quinine, 
*  barbiturates,  mepacrine,  thiouracil,  sulphonamides,  penicillin  and 
streptomycin.  Less  usual  forms  include  erythema  multiforme  and 
erythema  nodosum,  the  latter  of  which  appears  not  only  in 
response  to  drugs  like  bromides  or  sulphathiazole,  but  also  as  a 
manifestation  of  rheumatic  or  tuberculous  states.  A  rare  but 
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interesting  sensitization  reaction  is  the  so-called  “fixed  drug 
eruption”  which  has  been  fully  discussed  by  Sulzberger  (1940). 
It  is  seen  following  systemic  administration  of  certain  drugs,  e.g. 
phenolphthalein,  phenazone,  amidopyrine,  barbiturates,  the 
arsphenamines  and  sulphonamides,  and  is  characterized  by  the 
rapid  development  of  one  or  more  sharply  circumscribed  inflam¬ 
matory  lesions  on  the  skin  or  mucous  membranes,  as  an  invariable 
response  to  the  administration  of  the  offending  drug. 

Contact  Dermatitis.  Local  application  of  substances  to  the  skin 
may  produce  sensitization  with  the  development  of  an  eczematous 
type  of  eruption,  first  at  the  site  of  application,  with  perhaps 
subsequent  spread  to  the  skin  in  other  parts  of  the  body.  The 
lesion  is  primarily  located  in  the  epidermis  and  consists  of 
spongiosis  anti  intraepidermal  vesiculation ;  the  vesicles  later 
rupture  to  produce  oozing  and  dried  exudate.  In  sensitized 
individuals  application  of  the  specific  offending  substance,  as  in 
the  patch  test,  produces  the  typical  eczematous  reaction  in  24-48 
hours. 

The  development  of  this  type  of  sensitivity  has  been  much 
studied  in  human  and  in  animal  skin  (guinea  pigs).  The  substance 


2  :  4-dinitrochlorobenzene  has  been  used  as  the  sensitizing  agent 
by  Wedroff  and  Dolgoff  (1935),  Landsteiner  and  Jacobs  (1935)  and 
Sulzberger  and  Baer  (1938).  In  normal  human  skin  application 
of  a  drop  of  10  per  cent  solution  of  dinitrochlorobenzene  produces 
at  most  a  slight  erythema  at  the  end  of  48  hours,  but  after  5-20 
davs  in  many  persons  there  appears  what  is  described  as  a 
“spontaneous  flare-up,”  i.e.  the  site  of  original  application  shows 
a  typical  acute  eczematous  eruption.  This  reaction  is  attributed 
to  the  action  of  residual  dinitrochlorobenzene  at  the  original  site 
of  application,  after  an  incubation  period  for  the  development  of 
the  sensitized  state.  After  the  “flare-up”  it  is  found  that  the  skin 
of  the  whole  body  has  become  sensitive  and  responds  specifically 
to  the  application  of  quite  low  concentrations  of  dmitrochloro- 
benzene  Although  the  skin  otherwise  appears  normal,  it  may 
remain  in  a  potentially  hypersensitive  state  for  many  years. 

Many  drugs  have  also  been  shown  to  be  capable  of  producing 
this  type  of  reaction  when  applied  directly  to  the  skin  It  is  fo 
example  sometimes  seen  when  penicillin  oe  su.phon^K  es  mo 
particularly  the  latter,  are  use.!  in  the  treatment  of  km  leases 
!„■  open  wounds.  Sulzberger  et  al.  (19«)  applied  sulphonamides 
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in  cream  for  12-14  days  to  the  skin  of  254  subjects  in  whom 
experimental  burns  had  been  produced,  and  observed  dermatitis 
in  49  (19  per  cent).  The  incidence  of  sensitization  was  proportional 
to  the  water  solubility  of  the  compound  ;  sodium  sulphadiazine 
gave  the  highest  figure  of  57  per  cent,  sulphanilamidc  =  22  per  cent, 
sulphathiazole = 7  per  cent  and  sulphadiazine  =  5  per  cent. 
Streptomycin  has  also  been  found  to  produce  contact  dermatitis  in 
nurses  engaged  in  the  preparation  and  administration  of  solutions 
of  this  substance  (e.g.  Strauss  and  Warring,  1947).  Interesting 
recent  illustrations  of  the  possibilities  of  chemical  sensitization 
include  reports  by  Cotter  (1946)  and  Cohen  (1949)  of  the  develop¬ 
ment  of  skin  and  other  types  of  allergic  sensitization  in  women 
after  the  use  of  thioglycollic  acid  in  the  “Cold  Wave”  process  of 
hair  curling  ;  the  occurrence  of  skin  sensitization  after  repeated 
applications  of  Cetrimide  (cetyltrimethylammonium  bromide) 
(Cruiekshank  and  Squire,  1949)  and  the  development  of  allergic 
dermatitis  after  topical  use  of  antiseptic  organic  mercurial  com¬ 
pounds,  e.g.  thiomersalate  (Gaul  and  Underwood,  1949). 

It  should  be  emphasized  that  in  some  persons  systemic  ad¬ 
ministration  of  drugs  may  lead  to  sensitization  of  the  contact 
dermatitis  type,  and  on  the  other  hand  topical  application  may 
produce  sensitization  which  can  be  elicited  by  oral  administration 
of  the  drug,  and  may  include  constitutional  reactions  such  as 
fever. 

Drug  Fever.  Febrile  reactions  have  been  clearly  recognized  as 
an  allergic  response  to  many  drugs  such  as  iodides,  nirvanol, 
thiouracil,  mepacrine,  sulphonamides,  penicillin  and  streptomycin. 
The  temperature  may  rise  to  high  levels,  e.g.  105°F.,  and  the 
fever  is  frequently  accompanied  by  maculopapular  skin  rashes. 
The  reaction  usually  develops  after  7-10  days  of  drug  administra¬ 
tion.  but  it  a  particular  drug  has  been  given  previously  sensitization 
may  already  be  present,  and  drug  fever  may  then  follow  the  first 
doses  of  the  drug,  as  has  been  frequently  reported  with  the 
sulphonamides.  It  is  important  to  appreciate  the  possibility 
that  a  sharp  rise  in  temperature  may  be  due  to  drugs,  as  continued 
administration  of  the  causal  drug  occasionally  leads  to  disastrous 
results.  Deaths  have  been  reported  following  such  reactions  with 
sulphonamides,  especially  sulphathiazole,  and  necropsy  has  re- 
vealed  w.despread  lesions  resembling  periarteritis  nodosa  (Rich, 
1!  42)  ai  wel1  as  focal  necroses  of  myocardium,  liver,  bone  marrow 
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spleen,  lymph  nodes,  kidneys  and  other  organs  (Simon,  1943  ; 
More  et  al.,  1946  ;  French,  1946).  Similar  lesions  have  resulted 
from  sensitization  to  iodine,  thiourea  and  thiouracil. 


Specificity  of  Sensitization  Reactions 

It  is  obviously  important  to  know  whether,  or  to  what  degree, 
sensitization  reactions  to  drugs  are  restricted  to  the  drug  originally 
concerned  with  the  allergic  response.  Among  the  sulphonamides, 
some  patients  sensitized  to  one  drug  have  not  reacted  to  other 
members  of  this  group  (Dowling  et  al.  1941),  other  patients  have 
reacted  to  sulphadiazine,  sulphathiazole  and  sulphapyridine,  but 
not  to  the  parent  substance,  sulphanilamide  (Sherman  and  Cooke, 
1947).  Others  have  shown  sensitivity  to  all  members  of  the  sul- 
phonamide  group,  and  indeed  in  some  instances  the  sensitization 
has  extended  to  other  p-aminobenzene  compounds  such  as  sul- 


phanilic  acid,  p-aminobenzoic  acid  and  procaine  (Sulzberger  et  al. 
1947  ;  Park,  1944).  In  spite  of  this  evidence  of  cross-sensitization, 
it  is  generally  agreed  that  the  allergic  responses  are  greatest  in 
response  to  the  original  sensitizing  drug  ;  for  example  Dowling 
et  al.  (1946)  observed  reactions  in  69  per  cent  of  sensitized  subjects 
when  the  original  drug  was  readministered,  and  in  only  17  per 
cent  when  some  other  sulphonamide  was  given.  These  latter 
findings  are  in  agreement  with  the  experimental  work  of  Wedum 
(1942)  who  sensitized  guinea  pigs  and  rabbits  to  sulphonamide 
azoproteins.  In  guinea  pigs,  tests  for  skin  sensitization  and  tor 
lethal  anaphylactic  shock,  and  in  rabbits,  tests  for  serum  preei- 
pitins  all  showed  the  close  immunological  relation  between  the 
different  sulphonamides,  but  in  each  test  the  sulphonamide 
azoprotein  to  which  sensitization  had  been  originally  produced 

gave  the  most  marked  response.  .  ,  . 

Variations  in  specificity  of  response  have  been  described  m 
relation  to  other  drugs  producing  sensitization,  hor  instance, 
Goodman  (1939)  found  in  a  patient  with  procaine  dermatitis, 
that  sensitization  existed  towards  compounds  containing  the 


n[j2  _/_  _  COO-group,  but  not  towards  cocaine,  or  quinoline 

compoumlT  such  as  cinchocaine.  Other  examples  of  “group” 
sensitization  include  the  observations  of  Dawson  and  Garbade 
n9o0)  who  in  a  quinine  sensitive  person,  noted  reactions  to  scvei 
related  hevo-rotatory  compounds,  but  none  towards  the  corres- 
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ponding  dcxtro-isomers  ;  sensitivity  towards  arsphenamine 
usually  extends  only  towards  other  organic  tnvalent  arsenical 
compounds,  but  sometimes  also  towards  organic  pentavalent 

arsenicals  (Epstein,  1937).  .  , 

In  other  cases  specificity  of  response  is  remarkably  restricted. 

Cooke  (1919)  observed  in  aspirin  sensitive  patients  no  responses 
to  salicylic  acid,  benzoic  acid  or  methylsalicylate,  and  Horsfall 
(1934)  found  that  a  patient  extremely  sensitive  to  formaldehyde, 
gave  no  reactions  to  other  aldehydes  or  to  formic  acid  or  metlnl 
alcohol.  Rostenberg  and  Kanof  (1945)  studied  the  skin  responses 
in  persons  experimentally  sensitized  to  2  :  4-dinitrochlorobenzene, 
towards  a  number  of  isomers  and  closely  related  compounds.  The 
corresponding  bromo-  and  iodo-compounds  reacted  like  the 
chloro-  compound,  and  the  2  :  5-  and  3  :  4-dinitro-compounds 
were  the  most  active  isomers.  There  was  very  little  response  to 
2  :  4  dinitro-amino-benzene. 


Factors  Influencing  Development  of  Drug  Sensitization 

Individual  Variation.  It  is  clear  that  there  must  be  considerable 
individual  differences  in  susceptibility  to  account  for  the  occur¬ 
rence  of  allergic  responses  in  only  about  10  per  cent  of  patients 
who  receive  drugs  such  as  the  sulphonamides,  and  thiouracil  and 
its  derivatives,  in  full  therapeutic  doses.  The  mode  of  administra¬ 
tion,  the  dosage  of  drug,  and  the  presence  of  certain  local  lesions 
may  be  contributing  factors  in  some  cases,  but  the  experimental 
human  studies  of  Landsteiner  et  al.  (1939)  have  revealed  inherent 
differences  in  susceptibility  of  the  skin  towards  sensitization  by 
p-nitrosodimethylaniline  (A)  and  by  2  :  4  dinitrochlorobenzene 
(B).  The  results  were  as  follows  : — 

50  of  82  persons  were  sensitized  to  A  or  B  or  both. 

21  persons  were  equally  sensitized  to  A  and  B. 

20  persons  were  sensitized  to  B  more  than  to  A. 

9  persons  were  sensitized  to  A  more  than  to  B. 

In  some  subjects  high  susceptibility  towards  one  compound 
was  associated  with  little  or  no  response  to  the  other.  These 
results  are  particularly  interesting,  since  it  is  most  improbable 
that  any  of  the  persons  studied  had  been  previously  exposed  to 
these  particular,  or  other  closely  related,  compounds,  so  the 
sensitizing  capacity  was  being  tested  on  a  virgin  field. 
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Drug  Dosage.  It  has  sometimes  been  assumed  that  there  is  no 
relation  between  drug  dosage  and  liability  to  sensitization,  but 
this  view  has  recently  been  challenged  by  Lehr  (1948)  who  has 
studied  the  subject  in  relation  to  the  sulphonamides.  From 
figures  obtained  from  the  literature  he  has  shown  that  increasing 
c  osage  leads  to  greater  frequency  of  sensitization  reactions  ;  for 
example,  in  the  case  of  sulphathiazole  2-4  G.  daily  for  3-15 
days  produced  no  cases  of  drug  rash  or  fever  in  3,584  patients  ; 
6  G.  daily  for  3-10  days  produced  over  6.4  per  cent  of  reactions 
in  2,475  cases,  and  6-10  G.  daily  produced  more  than  10  per 
cent  of  such  reactions.  Similar  differences  were  noted  with  in¬ 
creasing  doses  of  sulphanilamide  and  sulphadiazine.  Lehr  suggests 
that  sensitization  is  most  unlikely  to  occur  with  dosage  of  less  than 
2  G.  of  sulphonamide  daily  (with  blood  levels  of  less  than  5  mg./ 
100  ml.).  He  has  also  reported  some  preliminary  clinical 
experiences  in  which  he  has  administered  mixtures  of  2  or  3 
sulphonamides  (e.g.  sulphadiazine,  sulphathiazole  and  sulpha- 
merazine)  so  that  not  more  than  2  G.  daily  of  any  individual 
drug  were  given.  Lehr's  results  suggest  that  such  mixtures  not 
only  reduce  the  liability  to  crystal  formation  in  the  urinary  tract, 
but  also  diminish  the  tendency  to  develop  drug  sensitization  He 
quotes  evidence  which  suggests  that  the  principal  toxic  effects  of 
the  thiouracil  compounds  are  also  related  to  dosage,  since  the 
smaller  doses  of  methyl-  and  propyl  thiouracil  (50-200  mg.  daily) 
now  used,  lead  to  fewer  allergic  side  effects  than  were  noted 
formerly  with  doses  of  thiouracil  up  to  1  G.  daily. 

Duration  of  Drug  Sensitization 

In  some  cases  it  has  been  clearly  established  that  sensitization 
to  drugs  can  persist  for  many  years,  but  in  other  cases  the  hyper¬ 
sensitivity  may  fluctuate  or  perhaps  last  only  a  few  months. 
Indeed  in  the  case  of  penicillin,  Hopkins  and  Lawrence  (1947) 
found  that  of  27  subjects  who  gave  positive  intradermal  reactions 
to  penicillin,  8  had  become  negative  within  2-12  weeks,  and  others 
have  confirmed  the  transient  nature  of  penicillin  sensitization  (to  the 
amorphous  or  crystalline  forms)  in  the  therapeutic  use  of  the  drug. 

Desensitization 

By  analogy  with  other  allergic  states,  in  which  specific  de¬ 
sensitization  procedures  are  sometimes  strikingly  successful,  as 
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in  hay  fever,  attempts  have  been  made  to  desensitize  patients  who 
have  developed  any  of  the  above  described  signs  of  drug  allergy. 
Park  (1944)  and  Tate  and  Klorfajn  (1944)  have  reported  successful 
results  in  some  patients  sensitive  to  sulphonamides,  to  whom 
they  gave  initial  doses  of  0.1-0.125  G.  of  the  responsible  drug, 
and  subsequently  increased  the  dosage  until  normal  amounts 
could  be  tolerated.  In  some  patients  with  sulphonamide  dermatitis 
it  may  take  several  wreeks  to  desensitize,  so  these  procedures  have 
not  been  widely  employed. 


Mechanism  of  Drug  Sensitization 

The  mode  of  development  of  the  sensitized  state  to  drugs,  and 
the  manner  in  which  the  reactions  are  elicited,  are  probably 
related  to  the  general  mechanisms  responsible  for  the  similar 
phenomena  recorded  with  foreign  and  bacterial  proteins.  It  has 
been  generally  assumed  that  only  proteins  can  act  as  antigens  and 
that  the  specificity  of  the  induced  sensitization  is  due,  in  most 
instances,  to  the  structure  of  the  molecule  as  a  whole.  Landsteiner, 
whose  extensive  work  on  antigen-antibody  reactions  has  been 
summarized  in  his  book  “The  Specificity  of  Serological  Reactions” 
(1946),  has  shown,  however,  that  whilst  a  protein  molecule  may  be 
necessary  for  the  formation  of  a  complete  antigen,  the  specificity  of 
the  induced  states  of  immunity  or  sensitization  may  be  due  to  some 
small  molecular  component,  called  a  hapten ,  which  can  be  re¬ 
garded  as  the  prosthetic  group  of  an  active  protein  (see  Chap.  15). 
The  hapten  is  by  itself  incapable  of  either  initiating  antibody 
formation  or  eliciting  antigen-antibody  interactions,  but  when 
suitably  conjugated  with  proteins,  the  complex  antigen  so  formed 
can  do  both.  A  hapten  may,  however,  inhibit  serological  reactions 
such  as  precipitation,  by  combining  specifically  with  antibody 
receptors  and  thus  preventing  access  of  the  complete  antigen. 

Landsteiner  and  his  colleagues  used  artificial  conjugated  anti¬ 
gens  to  reveal  many  of  the  features  of  specific  interaction  between 
antigens  and  antibodies,  and  some  points  are  of  great  interest  in 
relation  to  drug  allergy. 

If  certain  azo-dyes,  themselves  non-antigenic,  were  first  conju¬ 
gated  with  proteins,  the  conjugated  substances  could  produce 
anaphylactic  sensitization  in  guinea  pigs,  and  in  some  instances  it 
was  shown  that  anaphylactic  shock  could  be  elicited  specifically  not 
on  \  b\  the  conjugate,  but  also  by  the  azo-dye  alone  (Landsteiner 
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and  \  an  der  Scheer,  1933).  It  was  next  suggested  that  hapten- 
protein  complexes  analagous  to  these  azo-proteins  might  be 
formed  in  the  body  (particularly  in  the  skin)  by  interaction 
between  sensitizing  agents,  acting  as  haptens,  and  tissue  proteins. 
In  some  cases  of  experimental  sensitization,  combination  of 
simple  chemical  substances  with  body  proteins  is  highly  probable, 
h  or  example,  p-phenylenediamine,  well  known  as  a  sensitizing 
agent  in  the  production  of  fur  dermatitis,  is  readily  oxidized,  and 
the  oxidation  products  combine  with  proteins  to  form  deeply 
coloured  compounds  comparable  to  azo-proteins  (Mayer,  1938). 
Further  support  for  such  in  vivo  formation  of  antigenic  protein 
conjugates  was  provided  by  the  studies  of  Landsteiner  and  Jacobs 
(1935)  and  Sulzberger  and  Baer  (1938)  on  skin  sensitization  in 
man  and  animals  to  chloro-  and  nitro-substituted  benzenes  ;  it 
was  found  that  with  compounds  of  this  type,  sensitizing  capacity 
was  closely  related  to  capacity  to  interact  with  the  amino  group 
in  aniline,  and  it  was  suggested  that  similar  reactions  with  free 
amino  groups  in  protein  might  form  antigenic  conjugates  ;  other 
compounds  found  capable  of  producing  sensitization  in  guinea  pigs 
included  acid  chlorides  and  acid  anhydrides,  all  of  which  combine 
readily  with  proteins.  It  is  known  that  many  drugs  which  can 
cause  sensitization,  e.g.  arsphenamines,  sulphonamides,  and 
penicillin,  combine  with  plasma  proteins  and  if  it  is  postulated  that 
attachment  to  tissue  proteins,  particularly  in  the  skin,  can  also 
occur,  the  complete  antigen  thus  formed  is  clearly  comparable  to 
natural  protein  antigens.  The  work  of  Landsteiner  et  al.  and  that 
of  Cell  (1944)  have  shown  that  sensitization  produced  by  intra- 
cutaneous  injection  in  guinea  pigs  of  compounds  such  as  picryl 
chloride  or  “tetryl”  (N-methyl,  N-nitroamino-2  :  4  :  6-trinitro- 
benzene)  leads  not  only  to  skin  hypersensiti\ ity,  shown  bv 
application  of  the  simple  compound  directly  to  the  skin,  but  also 
to  anaphylactic  hypersensitivity,  revealed  by  application  ot  picryl 
proteins  to  the  isolated  gut  or  uterus.  The  anaphylactic  sensitivity 
is  associated  with  the  development  of  specific  antibodies,  passive 
transfer  by  scrum  is  obtainable,  and  desensitization  can  be 
produced.  Contact  dermatitis  has  never  been  transferred  by  serum, 
and  it  is  impossible  to  desensitize  towards  this  reaction  by  local 
application  of  the  allergenic  compound,  though  Chase  (1946)  has 
been  able  to  inhibit  the  development  of  experimental  drug  allergy 
in  guinea  pigs  by  preliminary  feeding  of  skin  sensitizing  substances. 
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Landsteiner  and  Chase  (1942)  were  able  to  transfer  skin 
sensitivity  of  the  contact  dermatitis  type  in  a  most  interesting  anti 
ingenious'  manner.  In  guinea  pigs  sensitized  to  picryl  chloride, 
a  peritoneal  exudate  was  produced  by  intraperitoneal  injection  oi 
dead  tubercle  bacilli  or  tuberculin  ;  subsequent  intraperitoneal 
injection  of  the  cellular  sediment  of  this  exudate  into  normal 
guinea  pigs  produced  the  characteristic  skin  sensitiv  ity  to  picrv  1 
chloride  in  about  two  days,  and  this  sensitized  condition  persisted 
for  a  few  days. 

To  sum  up  the  experimental  work  on  the  development  of  contact 
dermatitis,  the  following  speculative  scheme  might  be  suggested 

First,  the  sensitizing  agent  must  penetrate  the  epidermis  before 
it  can  combine  with  the  appropriate  protein  to  form  the  complete 
antigen.  The  work  of  Landsteiner  and  Chase  (1939)  suggests  that 
the  next  step  is  the  transport  of  the  complete  antigen  via  lym¬ 
phatics  to  the  regional  lymph  nodes,  where  there  is  a  delay  of 
some  days  while  antibodies  are  formed  within  the  newly  manufac¬ 
tured  lymphocytes.  These  cells  would  then  be  distributed  via 
the  blood  stream  to  the  various  body  tissues.  Subsequent  applica¬ 
tion  of  the  sensitizing  substance  would  form  fresh  antigen  which 
would  then  react  with  the  antibody-containing  lymphocytes,  or 
with  antibodies  deposited  from  the  lymphocytes  in  the  skin  itself, 
to  produce  the  characteristic  inflammatory  response  in  24-48 
hours.  Other  types  of  drug  sensitization  might  involve  antigen 
formation  or  antibody  deposition,  or  both,  in  tissues  other  than 
the  skin. 
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CHAPTER  5 


THE  STEROIDS  OF  THE  GONADS  AND 
ADRENAL  CORTEX 


Chemistry 

The  general  structure  of  steroids  was  finally  elucidated  some 
fifteen  to  twenty  years  ago  (Fieser  and  Fieser,  1949)  and  this  made 
possible  the  rapid  advances  in  our  knowledge  of  the  steroid 
hormones  and  related  substances.  Since  the  chemistry  of  these 
substances  is  rather  confusing  it  is  useful  to  start  with  the  main 
compounds  on  which  the  structure  of  the  various  hormones  is 
based.  Selye  (1942)  discusses  their  properties  in  detail. 

All  these  compounds  can  be  derived  from  three  saturated  parent 
hydrocarbons,  namely  cestrane,  androstane  and  aetiocholane. 
Certain  C17  alkyl  substituted  derivatives  of  these  substances  are 
often  referred  to  in  the  literature  by  special  names,  e.g.  pregnane 
for  1 7-ethyl-aetiocholane,  and  aMo-pregnane  for  17-ethyl-andro- 
stane.  Common  names  are  also  used  for  several  substances  which 
are  hormones  or  their  derivatives,  e.g.  cestradiol,  progesterone  and 
testosterone.  The  structure  of  the  compounds  and  that  of 
cholesterol,  as  well  as  the  letter  used  for  the  description  of  the 
various  rings  and  the  numbers  used  to  designate  the  various 
carbon  atoms  are  given  below  : — 


W 

CEstrane 
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Cholesterol 


17-ethyl- 

androstane 

(Allo-pregnane) 


17-ethyl- 

setiocholane 

(Pregnane) 


The  main  steroid  hormones  of  importance  in  the  body  are 
oestradiol,  progesterone,  testosterone  and  deoxycorticosterone  (of 
which  the  B.P.  name  is  deoxycortone),  and  their  chemical  con- 
stition  is  given  below  : — 


C%H 

/N^ 


1 


fYi 

HOk/\/ 

(Estradiol 


CO 


Progesterone 


Testosterone 


Deoxycortone 
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These  hormones  can  be  partially  synthesized  from  certain  other 
steroids  e.g.  from  cholesterol.  (Estradiol  can  be  produced  from 
cestrone  and  the  complete  synthesis  of  the  latter  substance  has 
been  described  by  Aimer  and  Miescher  (1948)  and  has  also  been 
reported  by  Breitner  (see  Kleiderer  et  al,  1945). 

(Estradiol  and  progesterone  are  secreted  by  the  ovary,  lesto- 
sterone  is  produced  by  the  interstitial  cells  of  the  testes,  and  deoxy¬ 
cortone  is  found  in  the  cortex  of  the  adrenal  glands,  and  is  probably 
one  of  the  many  steroids  elaborated  there.  In  fact  28  steroids, 
including  cestrone  and  progesterone,  have  now  been  isolated  from 
the  adrenal  cortex,  but  it  is  not  known  how  many  of  these  are 
naturally  secreted  there  and  how  many  are  artefacts  produced 
during  the  process  of  extraction  (Reichstein  and  Shoppee,  1943  ; 
Shoppee,  1947).  Only  eight  of  these  substances  possess  physio¬ 
logical  activity,  including  deoxycortone,  corticosterone,  and 
11 -dehydrocorticosterone.  The  greater  part  of  the  activity  of 
adrenal  cortical  extracts  is  contained  in  an  amorphous  residue  of 
which  the  active  principles,  probably  also  steroids,  have  not  yet 
been  isolated. 

All  these  substances  obtained  from  the  gonads  and  adrenal 
gland  are  responsible  for  controlling  the  changes  in  the  secondary 
sex  organs  and  for  maintaining  the  endocrine  functions  of  the 
adrenal  cortex.  The  effects  produced  by  the  three  sex  hormones 
are  described  in  detail  elsewhere  (e.g.  Robson,  1949 ;  Chap.  IV— VI). 
Obviously  the  production  of  these  hormones  in  the  body  constitutes 
merely  one  aspect  of  their  function,  which  cannot  be  properly 
exerted  unless  the  tissues  affected  are  receptive  to  their  action. 

These  steroid  substances  and  some  of  their  derivatives  may  over- 
lap  in  their  actions  in  the  body.  Thus  for  example  many  of  the 
effects  which  are  produced  by  progesterone  are  also  brought  about 
by  deoxycortone.  It  seems  likely  that  this  overlapping  in  the  action 
of  some  of  these  substances  is  due  to  two  factors.  (1)  Some 
substances  produce  a  certain  effect  in  the  body  but  in  the  course  of 
their  metabolism  another  substance  is  produced  which  has  a  differ¬ 
ent  effect.  lor  example,  ethisterone  has  progesterone-like  actions 
and.  in  iact.,  when  applied  directly  to  the  uterine  endometrium,  it 
is  neaily  as  active  as  progesterone.  It  can  also  produce  oestrogenic 
effects  but  this  only  occurs  after  a  metabolic  change  in  the  body, 
ethisterone  itself  not  being  oestrogenic  (Enunens,  1941).  (2)  Some 
steroids  have  two  quite  distinct  actions.  As  an  example,  deoxy- 
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cortone  maintains  lile  in  adrenalectomized  animals,  but  it  also  has 
a  pi  ogesterone-like  action  on  the  uterus  since  it  produces  its 
specific  effect  on  the  endometrium  locally  when  implanted  into 
the  lumen  of  this  organ. 


Origin  of  Steroid  Hormones 

There  is  good  reason  to  believe  that  the  steroid  hormones 
are  derived  in  the  body  from  cholesterol.  Strong  support  for  this 
view  is  given  by  the  work  of  Bloch  (10-15)  with  cholesterol  con¬ 
taining  deuterium  (heavy  hydrogen).  He  administered  this 
substance  to  a  pregnant  woman  and  found  that  the  pregnanediol 
recovered  from  the  urine  contained  a  concentration  of  deuterium 
similar  to  that  present  in  the  cholesterol  circulating  in  the  blood. 
Since  progesterone  is,  to  some  extent,  converted  to  pregnanediol, 
which  is  then  excreted  in  the  urine,  this  means  that  the  luteal 
hormone  was  probably  derived  from  cholesterol.  This  view  is 
also  supported  by  the  findings  of  Claesson  and  Hillarp  (1047)  who 
by  means  of  polarization,  optical  and  histochemical  methods 
demonstrated  the  presence  of  a  steroid  substance,  probably 
cholesterol,  in  the  ovary.  The  store  of  this  substance  is  depleted 
when  oestrogen  is  secreted.  These  authors  regard  the  interstitial 
cells  of  the  ovary  of  fundamental  importance  in  the  formation  of 
oestrogen.  By  cholesterol  estimations  in  the  gonads,  evidence  has 
also  been  obtained  that  this  substance  may  be  a  precursor  of 
progesterone  in  the  female  (Perlman  and  Leonard,  1947)  and  of 
androgen  in  the  male  (Tepperman  and  Tepperman,  1947). 

It  is  still  uncertain  how  cholesterol  is  converted  into  these 
various  substances,  but  the  first  step  probably  involves  the  break¬ 
down  of  the  long  side  chain  attached  to  t’,7.  The  question  is 
discussed  by  Fieser  (1937),  Marker  (1938)  and  Pincus  and  Pearl- 
man  (1943).  Marrian  (1939)  has  suggested  that  the  steroids  ol  the 
adrenal  gland  may  be  formed  from  progesterone,  which  he  believes 
the  gland  produces  in  large  quantities.  It  is  possible,  too,  that  the 
steroid  hormones  can  also  be  built  up  from  smaller  molecules, 
since  it  has  been  found  that  deutero  cholesterol  is  formed  when 
sodium  deutero  acetate  is  fed  to  mice  and  rats  (Bloch  and 
Rittenberg,  1942).  Even  more  interesting  is  the  finding  ot  Srerc 
et  al.  (1949)  that  beef  adrenal  cortex  can  synthesize  cholesterol  lrom 
acetate  in  vitro  :  the  acetate  was  labelled  with  carbon  1 4  which 
was  then  detected  in  a  constant  proportion  in  the  cholesterol  formed. 
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Fate  of  Steroid  Hormones 

These  substances  are  rapidly  metabolized  in  the  body  and  most 
of  their  activity  is  thereby  destroyed.  There  is  good  evidence  that 
the  liver  is  chiefly  involved  in  the  destruction  of  oestradiol,  and  that 
it  also  plays  a  part  in  the  destruction  of  progesterone  and  testoster¬ 
one.  A  number  of  steroid  metabolic  products  are  formed  which,  with 
the  exception  of  prcgnanediol,  account  for  only  small  tractions  ot  the 
parent  compounds.  These  substances  are  excreted  in  the  urine 
either  as  such  or  in  a  conjugated  form.  Some  of  the  derivatives 
are  conjugated  with  glucuronic  acid,  but  conjugation  with  sul¬ 
phuric  acid  also  occurs,  e.g.  in  the  case  of  oestrone  (Schachter  and 
Marrian  1938)  and  of  dehydroisoandrosterone  (Munson  et  al.,  1944). 

The  changes  which  may  occur  in  the  degradation  of  the  steroids 
are  discussed  by  Doisy  (1942),  Koch  (1942)  and  Pincus  and 
Pearlman  (1943).  It  is  likely  that  specific  enzymes  are  concerned 
with  those  processes  but  they  have  not  yet  been  identified.  There 
is  evidence  that  cozymase  may  be  involved  (Coppedge  et  al.,  1948). 
The  isolation  of  metabolic  products  of  the  steroid  hormones  in  the 
urine  is  of  interest  not  only  because  it  may  shed  light  on  the  fate  of 
the  hormones  in  the  body,  but  also  because  it  may  serve  as  an  index 
of  the  amount  of  hormones  produced  in  the  body.  The  main  sub¬ 
stances  excreted  are  oestrone  and  oestriol,  derived  from  oestradiol  ; 
pregnanediol  derived  from  progesterone ;  and  androsterone, 
dehydroisoandrosterone,  and  other  substances,  some  with  andro¬ 
genic  properties,  derived  from  testosterone  and  from  the  adrenal 
cortex  (Schiller  et  al.,  1945).  Various  methods  have  been  elaborated 
for  the  assay  of  these  substances  in  the  urine  and  the  results  so 
obtained  have  been  used  to  estimate  the  extent  of  ovarian, 
placental,  testicular,  and  adrenal  cortical  activity.  There  are, 
however,  a  number  of  difficulties  which  are  only  slowly  being 
overcome.  For  example  the  amount  of  metabolite  in  the  urine 
is  only  a  small,  and  not  necessarily  a  constant,  fraction  of  the 
parent  substance.  An  examination  of  the  many  data  on  the 
excretion  of  various  substances  following  the  administration  of 
oestradiol,  progesterone,  etc.,  in  animals  and  man  shows  this  quite 
clearly.  The  results  with  progesterone  are  particularly  instructive. 

or  a  time  it  was  believed  that  this  substance  was  almost  quanti¬ 
tatively  converted  into  pregnanediol  but  more  recent  work  shows 
that  probably  only  about  25  per  cent  of  the  hormone  appears  in  the 
urine  in  this  form.  In  the  case  of  adrenal  cortical  hormones  the 
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amounts  produced  by  the  gland  have  been  estimated  (Vogt,  1947) 
and  have  been  found  to  be  very  large  in  comparison  with  the 
quantities  excreted  in  the  urine  (or  extractable  from  the  gland). 

Changes  in  the  rate  of  metabolic  degradation  of  the  steroids 
may  occur.  It  has,  for  example,  been  suggested  that  nutritional 
conditions,  and  especially  the  supply  of  some  parts  of  the  vitamin 
B  complex,  may  influence  the  metabolism  of  ocstrogens  by  the 
liver,  and  that  a  deficiency  of  vitamin  B  may  indeed  lead  to 
deficient  oestrogen  inactivation  and  thus  to  the  development  of  a 
number  of  clinical  abnormalities  in  both  sexes  (see  discussion  by 
Biskind  and  Biskind,  1946). 

A  further  difficulty  is  that  the  origin  of  the  various  substances 
found  in  the  urine  is  by  no  means  always  clear.  Much  of  the 
oestrogen  is  probably  derived  from  the  ovary  and,  in  pregnancy, 
from  the  placenta.  But  some  oestrogen  is  excreted  in  ovariecto- 
mized  women  in  whom  it  is  probably  produced  by  the  adrenal 
cortex,  which  is  also  responsible  for  some  of  the  oestrogen  found 
in  the  urine  of  the  male.  In  some  species,  c.g.  the  stallion,  very 
large  quantities  of  oestrogen  are  secreted  by  the  testes  and  excreted 
in  the  urine.  It  is  quite  likely  that  in  the  human  male,  too,  the 
testes  secrete  some  oestrogen. 

The  same  difficulty  applies  to  the  excretion  of  androgenic 
substances  in  the  urine.  In  the  male  much  of  the  urinary  androgen 


consists  of  metabolic  products  of  testosterone  but  some  is  un¬ 
doubtedly  derived  from  the  adrenal  cortex,  and  this  fraction  is 
still  found  in  the  urine  after  castration.  As  will  be  seen  below, 
attempts  have  been  made  to  differentiate  between  the  adrenal  and 
testicular  androgen  in  the  urine.  Adrenal  cortical  metabolic 
products  appear  as  androgen  in  the  urine  of  women  but  it  is  possible 
that  the  ovaries  also  contribute  their  quota,  since  there  is  evidence 
that  the  female  gonads  can  secrete  some  androgen. 

Most  of  the  pregnanediol  in  the  urine  is  no  doubt  derived 
from  progesterone  produced  in  the  ovaries  and  placenta,  but  it  is 
c,uite  likely  that  some  of  it  represents  a  metabolic  product  of 
steroids  elaborated  in  the  adrenal  cortex.  Pregnanediol  can  e 
excreted  in  men  (Westphal,  1944)  and  in  bulls  (Marker  et 
1938).  It  may  be  derived  from  adrenal  progesterone  and  deoxy¬ 
cortone.  Both  these  substances  are  present  m  the  gland  and  their 

administration  in  men  is  followed  by  an  excretron  of  pregnaned.ol 

(Buxton  and  Westphal,  1039;  Cuyler  et  «(.,  19-10). 
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Assay  of  Steroid  Hormones 

The  effective  fractionation  of  urine  for  its  various  steroid 
constituents  is  not  easy  and  no  standard  procedures  have  yet  been 
established.  Methods  are  reviewed  by  Pincus  (1945).  Ihe  various 
fractions  must  be  assayed  by  chemical  or  biological  methods,  or 
both.  When  large  quantities  of  these  substances  are  excreted  the 
results  are  reasonably  accurate  but  no  really  satisfactory  methods 
have  yet  been  elaborated  for  the  assay  of  small  amounts  of 
any  of  the  products  excreted  in  the  urine,  and  this  has  seriously 
limited  the  value  of  such  methods  in  connection  with  the  diagnosis 
and  treatment  of  endocrine  diseases. 

Recent  work  has  been  mainly  concerned  with  the  elaboration 
of  new  methods  for  (1)  the  chemical  estimation  of  the  steroids 
and  (2)  the  biological  assay  of  some  of  these  substances  in  small 
amounts.  For  a  detailed  review  the  reader  is  referred  to  the  book 
edited  by  Emmens  (1950)  on  “Assays  in  Hormone  Research.” 

(1)  Chemical  Methods  :  A  number  of  modifications  of  the  Kober 
method  for  the  assay  of  natural  cestrogens  have  been  introduced 
involving  essentially  more  accurate  measurements  of  the  colour 
formed  and  an  elimination  of  interfering  factors.  Other  methods 
have  also  been  introduced.  The  section  by  Haslewood  in  the  book 
mentioned  above  should  be  consulted. 

The  chemical  assay  of  androgens  in  the  urine  is  based  on  the 
Zimmermann  colorimetric  reaction.  This  is  applied  to  the  fraction 
of  the  urine  which  contains  steroids  with  a  ketone  group  in  position 
17  (hence  these  substances  are  called  the  17-ketosteroids). 
Androsterone  and  dehydroandrosterone  are  chiefly  involved 
(Pincus,  1943)  and  it  has  been  shown  that  there  is  a  significant 
degree  of  correlation  between  the  values  obtained  by  the  colori¬ 
metric  assay  of  such  fractions  and  those  values  obtained  by  the 
biological  assay  on  the  capon  and  expressed  in  International 
l  nits  of  male  hormone  (Callow  et  al.,  1938).  Improvements  on 
the  Zimmermann  technique  have  been  suggested  by  Talbot  et  al. 
(1942)  and  by  C  alien  and  Salter  (1944).  A  new  colorimetric  method 
based  on  the  development  of  a  blue  colour  with  antimony  tri¬ 
chloride  in  the  presence  of  acetic  acid  has  been  described  by  Pincus 
(1943)  and  a  polarographic  method,  which  gives  rather  smaller 
values  than  those  obtained  with  the  Zimmermann  reaction,  has 
been  elaborated  by  Barnett  et  al.  (1946).  Full  details  are  given  in 
the  section  by  Callow  in  “Assays  in  Hormone  Research.” 
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Attempts  have  also  been  made  to  estimate  substances  specifically 
derived  from  the  steroids  produced  in  the  adrenal  cortex.  A  test 
lor  these  substances  is  based  on  the  reduction  of  phosphomolybdic 
acid  (Heard  and  Sobel,  1946  ;  Heard  el  al,  1946)  and  the  results 
obtained  agree  with  those  obtained  by  a  biological  method  of 
estimation,  in  which  the  extract  is  administered  to  glucose  treated 
adrenalectomized  mice  and  the  deposition  of  glycogen  in  the 
liver  measured  (Venning  et  al.,  1946).  The  excretion  of  these 
substances  does  not  vary  with  that  of  the  17-ketosteroids  (Venning 
and  Kazmin,  1946),  supporting  the  view  that  they  are  not  derived 
from  the  gonads  but  from  the  adrenal  gland. 

Much  work  has  been  done  on  the  estimation  of  pregnanediol  in 
the  urine,  as  a  satisfactory  method  would  be  of  value  in  determining 
whether  ovulation  and  corpus  luteum  formation  had  occurred 
during  the  second  part  of  the  menstrual  cycle,  and  might  also  serve 
as  an  easy  method  of  pregnancy  diagnosis.  Henderson  et  al. 
(1949)  describe  a  modification  of  the  Astwood-Talbot  method 
which,  they  claim,  will  detect  amounts  down  to  0.3  mg.  in  100  ml. 
of  urine  and  takes  3^  hours  to  carry  out.  They  describe  the 
application  of  this  method  to  the  estimation  of  luteal  function 
during  the  menstrual  cycle  and  pregnancy.  The  subject  is  reviewed 
in  the  section  by  Haslewood  in  “Assays  in  Hormone  Research,” 
and  also  by  Swyer  (1949)  who  concludes  that,  in  general,  pregnane¬ 
diol  estimations  are  of  little  value  to  the  practising  clinician. 

(2)  Biological  Methods  :  The  assay  of  small  amounts  of  oestro¬ 
gen,  androgen  and  progestogen  depends  on  the  direct  application  of 
the  material  to  be  assayed  to  a  suitable  test  object.  Such  local 
effects  can  easilv  be  obtained,  as  a  ride,  but  it  is  much  moie 
difficult  to  make  such  a  reaction  quantitative. 

In  the  case  of  cestrogens  the  material  is  introduced  into  the 
vagina  of  ovariectomized  mice  and  positive  responses  can  be 
obtained  with  very  small  doses,  e.g.  0.001  ^g.  or  even  less  (Muh  - 
bock,  1940).  Positive  changes  in  the  vagina  not  involving  full 
cornification  are,  however,  produced  by  doses  covering  a  rather 
wide  range,  i.e.  from  less  than  0.001  /xg.  to  more  than  0.01/xg., 
and  a  good  deal  more  work  is  necessary  to  make  such  a  test  ready 
quantitative.*  Small  amounts  of  androgen  can  be  assayed  by 


*  C.  W.  Emmens  (19 
to  assay  oestradiol  and 
intravaginal  method. 


I.  Endocrinol..  6.  306)  lias  shown  that  it  is  possilde 
riol  in  terms  of  the  international  standard  by  the 
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applying  the  material  directly  to  the  surface  of  the  comb  of  the 
capon.  The  test  is  about  100  times  as  sensitive  as  when  the  material 
is  injected  into  the  animal,  and  definitely  positive  effects  are 
obtained  with  1  gg.  of  androsterone.  This  method  has  been 
successfully  applied  to  the  determination  of  the  androgen  ex¬ 
cretion  in  normal  men  and  women  (Hamburger  et  al.,  1945). 
Small  amounts  of  substances  with  a  progesterone- like  effect  can 
be  assayed  by  local  application  to  the  uterus.  McGinty  et  al. 
(1939)  and  Haskins  (1939)  used  immature  rabbits  previously 
treated  with  oestrogen  and  introduced  a  solution  of  the  substance 
to  be  tested  into  the  lumen.  Positive  responses  may  be  obtained 
with  doses  as  small  as  0.25  /zg.,  but  they  may  also  occur  in  parts 
of  the  uterus  not  treated  with  the  progestogen.  When  this  material 
is  introduced  as  a  solid  into  the  uterine  lumen  of  mature  ovariec- 
tomized  animals  pretreated  with  oestrone,  the  response  is  restricted 
to  the  implanted  area  (Robson  and  Hohn,  1947),  and  effects  can  be 
obtained  with  doses  of  progesterone  of  the  order  of  1  /zg.  Other 
progestogens,  e.g.  ethisterone,  pregnenolone,  also  produce  a  local 
effect  (Robson  and  Hohn,  1950).  A  method  of  assaying  proges¬ 
terone  which  involves  a  local  action  on  the  uterus  of  the  mouse 
is  described  by  Hooker  and  Forbes  (1947). 


Functions  of  the  Adrenal  Cortex 

Much  work  has  been  done  in  order  to  explain  the  mechanisms 
by  which  the  adrenal  cortex  produces  its  effects  in  the  body,  but 
at  present  there  is  no  simple  theory  which  will  explain  the  large 
number  of  experimental  findings.  Verzar  (1939)  believes  that  the 
adrenal  hormones  play  a  vital  part  in  the  cellular  metabolic 
processes  and  are  particularly  concerned  in  phosphorylation 
mechanisms  (Schumann,  1940  ;  Verzar  and  Montigel,  1942),  and 
the  investigations  of  Cori  and  her  co-workers  (Price  et  al .,  1946) 
and  of  Conway  and  Hingerty  (1946)  support  this  view. 

The  adrenal  cortical  hormones  have  two  main  effects,  viz.  on 

drdrolytt ’  and  water  metabolism,  and  on  carbohydrate  metabolism. 

Kendal  (1948)  reviews  the  influence  of  the  adrenal  cortex  on  the 

metabolism  of  water  and  electrolytes.  It  is  one  of  the  primary 

achons  of  he  cortical  steroids  to  influence  the  renal  excretion  of 

tin,’,  I,  '  'T'i  Pr:jbably  by  affecting  their  tubular  reabsorp- 

exereti  on  of"\?  n dre"alectomize<l  animals  there  is  increased 
excretion  ol  Na  and  Cl  and  retention  of  K  ;  there  is  loss  of  Na  from 
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muscle  and  a  rise  in  the  K  content  of  tissue  cells  and  plasma.  After 
a  time  the  ability  to  excrete  administered  water  is  lessened.  It  is  to 
be  noted,  however,  that  good  health  and  normal  growth  can  be 
maintained  in  adrenalectomized  animals  if  sufficient  NaCl  is 
administered.  Administration  of  deoxycortone  acetate  to 
adrenalectomized  animals  stops  the  loss  of  sodium  chloride,  and 
such  animals  can  be  maintained  in  good  health  even  on  diets  with 
a  low  content  of  sodium  chloride  ;  this  steroid  also  causes  an 
increase  in  the  excretion  of  potassium.  These  effects  on  the 
electrolyte  balance  are  also  seen  when  deoxycortone  acetate  is 
administered  to  patients  suffering  from  Addison’s  disease. 

There  is  also  an  important  effect  on  carbohydrate  metabolism. 


In  adrenal  insufficiency,  animals  are  unable  to  store  administered 
carbohydrate  in  the  form  of  glycogen  as  rapidly  as  normal  animals, 
particularly  in  the  liver,  and  an  unduly  high  proportion  of  the 
carbohydrate  taken  in  is  oxidized.  It  has  been  suggested  that 
protein  metabolism  is  also  directly  affected,  but  there  is  at  present 
no  definite  evidence  that  such  is  the  case  (Ingle  and  Oberle,  1946  ; 
Leathern,  1945).  An  attempt  has  been  made  to  correlate  these 
actions  with  the  chemical  constitution  of  the  adrenal  steroids 
(Shoppee,  1947).  Effects  on  the  carbohydrate  metabolism  appear 
to  be  associated  with  an  oxygen  atom  (hydroxyl  group  or  ketonic 
oxygen)  at  position  Cn  (e.g.  17-hydroxy- 11 -dehydrocorticosterone), 
while  the  presence  of  a  tertiary  hydroxyl  group  at  C  17  diminishes 
the  capacity  to  maintain  life,  and  to  retain  Nat  1  in  the  bod) . 

There  is  much  evidence  that  the  adrenal  cortex  is  associated 
with  the  protection  of  the  body  against  harmful  stimuli,  and  also 
with  the  control  of  lymphoid  tissue  and  especially  with  the 
release  of  antibody  from  lymphocytes  (Dougherty  ct  al,  194a ). 
The  question  is  discussed  by  Ungar  (1947)  who  states  quite  rightly 
that  much  hard  work  and  clear  thinking  will  be  required  bclore  a 
satisfactory  interpretation  can  he  given  for  the  experimental 
findings.  Stresses  of  various  types  produce  a  response  the  body 
to  which  the  term  adaptation  syndrome  has  been  given  by  Sel> 

( 1 940)  The  development  of  the  adaptation  syndrome  can  be 
divided  into  three  stages,  namely  (.)  the  alarm  wh*h» 

the  sum  of  all  non-specific  system, e  phenomena  elicited  by  sudden 
exnosure  to  stimuli  to  which  the  organism  is  not  adapted  (-) 
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stimulus,  and  (3)  the  exhaustion  phase  which  follows  very  prolonged 
exposure  to  stimuli  to  which  adaptation  has  been  developed,  but 
can  no  longer  be  sustained.  Selye  claims  that  the  adrenal  cortex 
plays  an  important  part  in  this  process  of  adaptation,  and  that  the 
pituitary  and  spleen  may  also  be  concerned.  Abnormalities  in  the 
processes  of  adaptation  can  apparently  lead  to  pathological  con¬ 
ditions  to  which  Selye  (1949)  has  applied  the  term  “diseases  ot 
adaptation.” 

Cortisone  in  Rheumatic  Diseases 

A  most  interesting  and  important  development  in  the  clinical 
application  of  cortical  steroids  is  the  use  of  cortisone  (17-hydrox\- 
11 -dehydrocorticosterone  ;  Kendall’s  “compound  K  ;  Reichstein  s 
“Fa/6”;  Wintersteiner’s  “F”)  in  the  treatment  of  rheumatic 
diseases.  Only  preliminary  results  are  available  at  present,  but 
they  arc  very  striking. 


ch2oh 


-OH 


(17-hydroxy-ll-dehydrocorticosterone) 


This  work  was  initiated  at  the  Mayo  Clinic  by  Hench  who 
discusses  the  reasons  which  led  him  to  this  investigation  in  a 
separate  paper  (Hench,  1949).  He  was  struck  by  the  fact  that 
rheumatoid  arthritis  is  not  infrequently  relieved  by  pregnancy, 
or  by  the  development  of  hepatitis  with  jaundice.  Many  measures 
were  tried  to  reproduce  similar  biochemical  conditions  in  patients 
suffering  from  rheumatoid  arthritis,  e.g.  transfusion  of  blood  from 
jaundiced  and  pregnant  donors,  the  artificial  production  of 
jaundice  by  the  injection  of  icterogenic  serum,  or  by  the  oral 
administration  of  lactophenin.  Hench  came  to  the  conclusion  that 
the  antirheumatic  agent  might  be  an  adrenal  hormone,  since 
temporary  remissions  of  rheumatoid  arthritis  are  frequently 
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induced  by  procedures  which  are  known  to  be  capable  of  stimu¬ 
lating  the  adrenal  cortex,  e.g.  general  anaesthesia  and  surgical 
operations. 

In  September  1948  cortisone  became  available  for  clinical  trials. 
Its  partial  synthesis  from  desoxycholic  acid  on  a  scale  suitable 
for  clinical  work  had  been  reported  by  Sarett  (1946).  Previous 
partial  syntheses  had  been  described  in  1936  by  Kendall  and  his 
co-workers  and  in  1937  by  Reichstein.  The  clinical  results  are 
described  by  Hench  et  al.  (1949). 


Mode  of  Administration 

The  material  has  been  given  as  small  crystals,  5-10  micron  in 
size,  suspended  in  saline  (25  mg.  per  ml.).  In  the  earlier  cases  the 
method  of  production  of  the  compound  had  not  been  fully  estab¬ 
lished  and  constant  results  were  not  obtained.  Later  material, 
prepared  according  to  satisfactory  physical  and  chemical  criteria, 
lias  given  more  satisfactory  results,  with  no  notable  toxic  effects. 
Later  still  it  was  found  that  the  acetate  of  the  steroid  is  easier  and 
less  expensive  to  prepare,  and  this  is  now  being  used.  The  dose 
of  cortisone  is  100  mg.  per  day  by  intramuscular  injection.  With 
the  acetate,  which  is  absorbed  rather  more  slowly,  the  initial  dose 
is  300  mg.  and  this  is  followed  by  100  mg.  doses  per  day. 


Clinical  Results 

The  compound  was  administered  to  14  patients  with  severe  or 
moderately  severe  rheumatoid  arthritis.  In  each  of  the  14 
patients  the  initial  results  were  as  follows  as  described  by  the 
authors  :  “Within  a  few  days  there  was  a  marked  reduction  of 
stiffness  of  muscles  and  joints,  lessening  of  articular  aching  or 
pain  on  motion  and  tenderness,  and  significant  improvement  of 
articular  and  muscular  function.”  The  appetite  often  rapic  y 
improved  and  several  patients  gained  weight.  A  feeling  of  well 

being  was  also  noted.  . 

The  treatment  also  consistently  produced  a  fall  in  the  set  i- 

mentation  rate.  Sometimes  this  occurred  promptly  and  rapidly, 
and  sometimes  more  slowly  (see  Fig.  9).  Generally  normal  rates 

appeared  within  10  to  35  days.  , 

In  nine  patients  the  treatment  was  given  for  only  8  to  61  da\s. 
Then,  unknown  to  the  patients,  injection  of  the  hormone  was 
replaced  by  injection  of  a  control  preparation  (100  mg.  of  eh  > 
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terol  per  day).  In  eight  out  of  nine  cases  symptoms  began  to 
return  or  to  increase  very  quickly,  generally  within  2-4  days. 
The  sedimentation  rate  usually  also  increased  rapidly.  Similar 
striking  results  in  a  small  number  of  cases  have  been  reported 
by  a  number  of  other  investigators.  Prolonged  administration  ol 
these  large  doses  of  cortisone  may  lead  to  the  development  of  a 


Fig.  9 

Effect  of  cortisone  on  the  sedimentation  rate  of  a  44  year- 
old  woman  with  severe  rheumatoid  arthritis.  Note  that  at 
first  the  sedimentation  rate  was  not  affected  by  the 
control  solution  C’H  (cholesterol)  ;  then  the  rate  decreased 
markedly  when  an  adequate  dose  of  cortisone  was  used  ; 
then  it  increased  when  the  dose  of  cortisone  was  reduced  ; 
finally,  when  the  use  of  cortisone  was  discontinued  and 
cholesterol  was  substituted,  the  sedimentation  rate 
increased  markedly. 

(After  Hench  et  al.,  1949.) 

Cushing-like  syndrome,  and  allied  compounds  are  now  being 
investigated  in  the  hope  of  finding  one  which  will  not  have 
this  effect.  Of  interest  too  is  the  finding  that  wounds  show  no  signs 
of  healing,  and  abscesses  no  signs  of  granulation  tissue  formation, 
in  patients  (or  animals)  to  whom  cortisone  (or  ACTH)  is  beiim 
administered  (see  McNee,  1950). 


'  112 


THE  GONADS  AND  ADRENAL  CORTEX 


As  the  work  on  cortisone  develops  it  is  becoming  evident  that  this 
substance  is  of  value  not  only  in  the  treatment  of  rheumatoid  arth¬ 
ritis  but  also  in  a  number  of  other  conditions,  involving  the  collagen 
tissues  of  the  body.  Thus  it  is  believed  to  be  of  benefit  in  rheumatic 
fever,  metastatic  carcinomatosis,  hyperpiesia,  the  shock  of  coronary 
thrombosis  and  also  in  gout  (see  Brit.  Med.  ./.,  1949,  ii,  166). 
The  effects  in  rheumatic  fever  are  described  by  Hench  et  al. 
(1949).  They  administered  cortisone  to  three  patients  during  the  . 
acute  stages  of  the  disease  ;  this  was  followed  by  a  rapid  dis¬ 
appearance  not  only  of  the  fever,  tachycardia  and  polyarthritis, 
but  also  of  the  elevated  sedimentation  rates  and  abnormal 
electrocardiographic  changes.  The  authors  also  suggest  that 
cortisone  may  produce  a  beneficial  effect  on  the  cardiac  muscle 
and  valves  in  rheumatic  fever,  in  view  of  its  action  on  skeletal 
muscle  and  fibrous  tissues  in  patients  with  rheumatoid  arthritis. 

Among  the  incidental  observations  in  this  investigation  are  the 
findings  that  the  administration  of  cortisone  increases  the  urinary 
excretion  of  corticosteroids,  and  decreases  the  excretion  of  17- 
ketosteroids. 

Cortisone  has  also  given  striking  results  in  the  treatment  of 
Addison’s  disease  (Forsham  et  al.,  1949).  Fourteen  patients  were 
treated  and  marked  clinical  improvement  followed  the  administra¬ 
tion  of  50-100  mg.  of  the  acetate  daily  for  2-6  days.  I  he 
implantation  method  gave  even  more  satisfactory  results  and 
showed  that  the  actual  daily  need  of  the  substance  is  much  lower. 
P'ive  patients  were  implanted  with  five  to  ten  50  mg.  pellets  anc 
the  clinical  improvement  was  sustained  for  several  months. 
Absorption  averaged  only  0 . 5  mg.  per  pellet  per  day,  i.e.  the  daily 
dose  was  2.5-5  mg.  A  number  of  metabolic  studies  were  made 
and  it  was  found  that  the  administration  of  cortisone  produced  a 
small  but  definite  retention  of  sodium  chloride,  an  increased  uptake 
of  radioactive  iodine  by  the  thyroid  and  a  transient  rise  m  fas  mg 
blood  ketone  bodies.  The  last  results  were  also  obtained  by ^Bennett 
el  al  (19+9),  who  conclude  from  their  studies  that  cortisone 
facilitates  the  breakdown  of  fat  via  ketone  bodies  Awapara  et  al. 

19+9)  found  that  cortisone  promotes  the  deposition  of  glycogen 
in  the  liver  of  adrenalectomized  rats, 

on  the  amino  acid  content  of  liver  and  muscle.  Obviously  extensi 
stud'es  on  the  metabolic  actions  of  cortisone  m  relation  to  its 

clinical  effects  are  required. 
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Results  with  Adrenocorticotrophic  Hormone  (ACTH) 

This  anterior  pituitary  hormone  stimulates  the  adrenal  cortex 
and  would  thus  be  expected  to  increase  the  rate  of  secretion  of 
cortisone  and  of  some  other  cortical  steroids.  There  is  indeed  good 
evidence  that  the  administration  of  corticotrophininman  is  followed 
by  an  increased  production  and  excretion  of  steroids  derived  from 
the  adrenal  cortex  (Mason  et  al.,  1948  ;  Forsham  et  al.  1948).  In 
rats  corticotrophin  affects  the  secretion  of  those  adrenal  steroids 
which  influence  sugar  metabolism,  but  not  of  those  w'hich  affect 
electrolyte  balance  (Bergner  and  Deane,  1948).  The  properties  and 
actions  of  ACTH  have  been  reviewed  by  Li  (see  Lancet ,  1950). 

Corticotrophin  was  tried  by  Hench  and  his  co-workers  in  two 
patients  with  rheumatoid  arthritis  who  received  100  mg.  of  the 
hormone  preparation  daily  for  12  days,  by  intramuscular  injection. 
The  results  were  as  striking  as  with  cortisone.  There  was  marked 
clinical  improvement  and  a  prompt  fall  in  the  sedimentation  rate, 
which  rose  again  after  cessation  of  treatment.  There  were  definite 
side  effects,  including  a  sense  of  exhaustion  and  a  moderate  rise 
in  blood  pressure,  possibly  due  to  small  amounts  of  posterior 
pituitary  extract  present  in  the  hormone  preparation.  Markson 
(1949)  administered  corticotrophin  for  several  months  and  found 
that  the  improvement  in  rheumatoid  arthritis  was  maintained 
during  the  whole  period  of  treatment.  The  patients  relapsed, 
however,  when  treatment  was  discontinued  for  three  days.  The 
prolonged  administration  of  ACTH  may  produce  toxic  effects, 
including  Cushing’s  syndrome,  and  the  patient  may  also  become 
refractory  to  the  drug,  perhaps  because  of  the  formation  of  anti¬ 
bodies  (Elkinton  et  al .,  1949). 

Corticotrophin  has  also  been  used  successfully  in  the  treatment 
of  rheumatic  fever,  of  disseminated  lupus  erythematosus  and  of 
gouty  arthritis  ;  in  the  last  condition  the  treatment  also  produced 
a  large  increase  in  the  uric  acid  excretion  together  with  a  fall  in  the 
serum  uric  acid  level  (Thorn  and  Bayles,  1949).  It  has  also  been 
used  in  a  variety  of  allergic  conditions  and  striking  effects  have 
been  obtained  in  a  number  of  patients  in  the  control  of  chronic 
asthma.  Not  only  was  there  relief  of  symptoms  but  also  objective 
changes  in  the  expiratory  phase  of  respiration  and  in  the  con¬ 
dition  of  the  nasopharynx  (Bordley  et  al .,  1949). 

Work  is  in  progress  on  the  mechanism  which  controls  the 
secretion  of  corticotrophin  by  the  pituitary  and  its  relation  to 
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adrenal  cortical  secretion.  The  paper  by  Thorn  and  Bayles 
mentioned  above  should  be  consulted  for  the  evidence  published 
up  to  the  present.  It  would  appear  that  anterior  hypothalamic 
centres  form  an  essential  link  in  the  activation  of  pituitary 
corticotrophin  secretion  in  conditions  of  stress  or  following  the 
administration  of  adrenaline. 

Obviously  much  further  work  with  these  preparations  remains 
to  be  done  before  we  can  assess  their  value  in  rheumatic  and  other 
conditions.  Other  steroids  of  the  adrenal  cortex  are  also  being 
investigated.  Unfortunately  these  substances  are  difficult  to 
prepare.  Merck  states  that  no  supplies  of  cortisone  are  expected 
for  treatment  or  additional  research  until  1950,  and  even  then  the 
supplies  will  be  small.  At  present  cortisone  is  made  by  partial 
synthesis  from  desoxy cholic  acid  by  a  lengthy  method  which 
involves  37  intermediate  steps.  It  has  recently  been  found  that  it 
can  more  easily  be  prepared  from  sarmentogenin,  a  steroid  with  a 
hydroxyl  group  in  the  11-position,  which  can  be  extracted  from 
the  seeds  of  a  tropical  plant  of  the  strophanthus  genus  (S.  sarmen- 
tosus).  This  plant  could  easily  be  cultivated  on  a  large  scale,  and 
thus  large  amounts  of  cortisone  would  be  made  available  (Anno¬ 
tation,  1949),  but  it  has  been  estimated  that  at  least  ‘20  years 
will  be  required  to  solve  the  botanical  problems  involved  in  its 


commercial  growth  ( Lancet ,  1950). 

As  for  adrenocorticotrophin,  it  seems  highly  unlikely  that  an\ 
large  amounts  will  be  available  from  natural  sources,  since  this  sub¬ 
stance  is  prepared  from  pituitaries  of  which  the  supply  is  limited. 
There  is,  however,  good  evidence  from  the  work  ot  Morris  and  of 
Li  that  adrenocorticotrophic  action  can  be  produced  by  a  moder¬ 
ately  sized  peptide  with  a  molecular  weight  of  about  1200,  the 
synthesis  of  which  appears  to  be  within  the  realm  ol  possibility, 
and  Luft  et  al.  (1949)  have  shown  that  such  a  peptide,  obtained 
from  the  peptic  digestion  of  pure  AC'TH,  is  effective  in  the  trea  - 
ment  of  rheumatoid  arthritis. 

\  very  interesting  finding  is  that  when  deoxycortone,  or  its 
acetate,  is  perfused  through  isolated  adrenal  glands,  the  perfusate 
contains  corticosterone,  which  has  a  hydroxyl  group  a  u>  •  • 
a  bio-oxygenation  of  deoxycortone  at  C„  has  taken  pl“e  (Heeh 
et  al  1949).  At  present  this  does  not  appear  to  be  of  any  practice 
importance  though  it  does  suggest  the  possibility  that  a  similar 
conversion  might  occur  in  the  presence  of  suitable  micro-organisms. 


A  drenocorticotrophin 
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Deoxycortone  and  Ascorbic  Acid 

A  new  approach  to  the  treatment  of  rheumatoid  arthritis  wit 
steroids  has  been  given  by  the  results  of  Lewin  and  \\  assen  (1949). 
These  investigators  obtained  striking  rebel  of  the  condition  n 
administering  5  mg.  of  deoxycortone  acetate  intramuscu  arly, 
followed  by  1  G.  of  ascorbic  acid  intravenously  or  intramuscularly. 
This  work  has  been  repeated  by  a  number  of  investigators,  some 
of  whom  have  confirmed  it  (e.g.  Le  Vav  and  Loxton,  1949  ; 
Douthwaite,  1949)  while  others  have  failed  to  do  so  (e.g.  Kellgren, 
1949;  Spies  et  al.,  1949).  From  the  evidence  available  it  seems 
diifieult  to  believe  that  the  combination  of  deoxycortone  and 
ascorbic  acid  does  not  produce  beneficial  effects  in  some  cases,  and 
it  has  indeed  been  reported  that  similar  effects  can  be  produced 
by  giving  intravenous  ascorbic  acid  after  the  intramuscular  injec¬ 
tion  of  progesterone  (2  mg.)  or  of  testosterone  (20  mg.)  (Lands- 
berg,  1950).  Le  Vav  and  Loxton  (1950)  have  obtained  similar 
responses  in  various  other  joint  conditions,  e.g.  monoarticular 
infective  arthritis  and  traumatic  conditions,  and  have  also  pro¬ 
duced  evidence  that  the  actions  of  deoxycortone  and  ascorbic 
acid  are  exerted  peripherally. 


Experimental  Approach 

It  would  be  a  great  advantage  if  experimental  methods  could 
be  devised  with  which  the  possible  value  of  remedies  in  rheumatoid 
arthritis  could  be  investigated.  Following  the  finding  of  Thorn  et 
al.  (1948)  that  in  normal  subjects  the  administration  of  ACTH 
causes  a  fall  in  the  circulating  eosinophils,  Spies  and  Stone  (1949) 
obtained  similar  results  in  patients  with  chronic  eosinophilia  of 
unknown  origin.  .They  then  tested  the  action  of  a  number  of 
steroids  (other  than  cortisone)  in  these  patients  and  found  that 
none  ot  them  produced  any  change  in  the  blood  eosinophils. 
Subsequently  they  tested  these  steroids  in  cases  of  rheumatoid 


arthritis  and  found  them  to  be  of  no  value  (Spies  and  Stone,  1950). 
I  he  suggestion  is  that  substances  of  value  in  rheumatoid  arthritis 


would  cause  a  fall  in  the  blood  eosinophils  and  could  thus  be 
discovered. 


Sel\  t  (1949)  has  elaborated  a  method  with  which  an  acute 
arthritis  and  periarthritis  can  be  produced  in  rats  by  the  local 
injection  of  formaldehyde  into  the  vicinity  of  joints.  If  large  doses 
°l  formaldehyde  are  given,  the  acute  stage  is  followed  by  a  verv 
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prolonged  chronic  arthritis  and  periarthritis.  This  “formalin- 
arthritis”  can  be  almost  completely  antagonized  by  the 
administration  of  cortisone  or  ACTH  and  may  thus  prove  of  value 
in  the  search  for  substances  which  produce  similar  effects.  Using 
this  technique  Brownlee  (1950)  has  shown  that  a  combination  of 
deoxycortone  and  ascorbic  acid  will  protect  rats  against  formalde¬ 
hyde  arthritis.  Similar  results  have  been  obtained  by  Buttle 
(personal  communication)  in  periarthritis  in  mice,  though  he  also 
found  that  ACTH  was  much  more  effective  than  deoxycortone  and 
ascorbic  acid. 
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SYNTHETIC  CESTROGENS 

The  main  advantage  of  synthetic  oestrogens  over  the  naturally 
occurring  compounds  is  that  they  are  also  active  when  given 
orally.  Ethinyl  oestradiol,  a  synthetic  derivative  of  oestradiol, 
is  also  orally  active.  It  was  first  described  in  1938  by  Inhoffen 
and  Hohlweg  but  has  only  been  extensively  used  during  the  last 
few  years. 

The  main  synthetic  oestrogens  are  stilboestrol,  dienoestrol,  hex- 
oestrol  and  triphenvl  ethylene  derivatives,  of  which  DBE  is  the 
most  interesting.  Benzoestrol,  which  has  a  structure  reminiscent 
of  hexcestrol,  was  prepared  by  Stuart  and  Tallmann  in  1942. 
The  older  synthetic  oestrogens,  with  the  exception,  of  ethinyl 
oestradiol,  require  no  discussion  here.  Solmssen  (1945)  gives  a 
masterly  review  of  the  synthetic  oestrogens  discovered  up  to  that 
year. 

Many  additional  compounds  have  been  prepared  since  then. 
The  most  interesting  and  active  ones  are  doisynolic  acid  and  its 
derivatives,  and  derivatives  of  allenolie  acid.  These  two  compounds 
were  so  named  after  Doisy  and  Allen  respectivelv.  Doisynolic 
acid  was  prepared  by  Miescher  (1944)  and  has  the  general  steroid 
structure,  with  the  fourth  ring  opened  up.  It  has  been  fullv 
synthesized  by  Anner  and  Miescher  (1947).  Allenolie  acid  and  its 
derivatives  were  prepared  by  Horeau  and  Jacques  (1947).  The 
formula  of  this  substance  can  be  written  as  shown  on  p.  1*20  and 
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its  general  resemblance  to  oestradiol  can  be  seen,  though  the  opening 
of  the  rings  has  been  carried  one  stage  further  than  in  doisynolic  acid. 

These  new  oestrogens  are  being  tested  clinically  but  there  is, 
as  yet,  no  indication  that  they  possess  any  advantages  over 
substances  like  stilbcestrol  and  dienoestrol. 


CVx 


OH 


/vcv\/ 


H°  V  cf^ 

Stilbcestrol 


D  B  E 


Clinical  Use  of  Ethinyl  (Estradiol 

This  is  probably  the  most  active  oral  cestmgen^n  the  human 

subject,  and  its  properties  are  reviewed  by  Thompson  (194  )• 
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At  first  the  doses  used  clinically  were  too  high  and  frequently 
produced  toxic  reactions,  and  it  is  now  recognized  that  lower 
doses  are  effective  and  rarely  produce  undesirable  side  effects. 
When  the  amount  given  per  day  is  above  0.1  mg.  nausea, 
vomiting,  headaches,  congestive  vaginal  bleeding,  and  tingling 
and  sensitivity  of  the  breasts  and  nipples  are  frequently  seen  in 
women.  In  men  gastro-intestinal  disturbances  are  usually  absent 
even  with  high  doses,  but  there  is  some  tendency  to  gynecomastia. 
Toxic  effects  in  women  are  rarely  seen  with  doses  of  30  yg.  per  day 
or  less.  During  pregnancy  and  shortly  after  term  women  appear 
to  tolerate  large  doses  well.  For  example  Kurzrok  (1948)  ad¬ 
ministered  0 . 3  mg.  of  ethinyl  cestradiol  every  two  hours  for  periods 
up  to  72  hours  in  order  to  produce  evacuation  of  the  products  of 
conception  in  cases  of  missed  abortion.  The  results  were  good  and 
no  untoward  reactions  were  observed.  Jcffcoate  et  al.  (1948) 
investigated  the  value  of  the  drug  in  the  inhibition  of  lactation. 
Satisfactory  effects  were  obtained  with  total  doses  of  0.75  to  1.3 
mg.  spread  over  seven  days.  No  ill  effects  were  noted.  These 
authors  found  that,  by  this  test,  ethinyl  oestradiol  is  at  least  50 
times  as  active  as  stilboestrol.  The  relative  activities  of  some  other 
synthetic  oestrogens  are  discussed  by  Bishop  et  al.  (1948). 

It  is  not  intended  to  review  here  the  uses  of  oestrogens  (these  are 
discussed  in  the  book  edited  by  Greene,  1948).  It  seems  clear  that 
ethinyl  oestradiol  can  be  used  for  all  purposes  for  which  oestrogen 
treatment  is  necessary.  The  dosage  has  to  be  carefully  considered 
in  every  case.  It  is  likely  that  in  the  treatment  of  menopausal 
symptoms  amounts  of  30  /xg.  per  day,  or  less,  may  be  adequate, 
and  that  unless  this  is  recognized  toxic  effects  may  be  unnecessarily, 
produced. 
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CHAPTER  6 


THE  THYROID 


The  thyroid  was  the  first  endocrine  gland  to  be  discovered 
and  its  active  principle,  thyroxine,  was  identified  by  Kendall  and 
synthesized  by  Harington  and  Barger.  Recent  work  with  radio 
iodine  (see  Chap.  16)  has  thrown  further  light  on  the  production 
of  thyroxine  in  the  body.  (See  review  by  liawson  and  MacArthur, 
1947.)  Important  advances  have  also  been  made  in  the  synthesis 
and  clinical  use  of  antithyroid  substances. 


The  Synthesis  of  Thyroxine 

When  a  small  amount  of  iodine  is  administered,  most  of  it  is 
rapidly  taken  up  by  the  thyroid  gland  and  bv  means  of  the 
autoradiograph  technique  (see  Chap.  16)  it  can  be  shown  that  the 
iodine  is  deposited  in  the  colloid.  The  experiments  of  Leblond  and 
Gross  (1948)  suggest  that  the  circulating  iodide  is  continuously 
being  bound  to  protein  in  the  cytoplasm  of  the  thyroid  cells,  and  that 
the  thyroglobulin  so  formed  is  then  deposited  in  the  colloid  of  the 
thyroid  follicles.  The  circulating  thyroid  hormone,  according 
to*  Taurog  and  Chaikoff  (1948),  consists  of  thyroxine  loosely 
attached  to  plasma  protein  (probably  mainly  a-globuhn  and 
albumen,  and  to  a  less  extent,  /3-globulin).  Small  amounts  of 
iodine  are  also  taken  up  by  other  tissues,  especially  the  lungs  and 

kidneys  (Ariel  et  al.,  1941).  , 

The  administration  of  thyrotropic  hormone  causes  hypertrophy 
and  hvperplasia  of  the  thyroid  gland  and  also  increases  its  capacity 
to  takePup  iodine.  Thus  Stanley  and  Astwood  (1949)  found  that  in 
normal  human  subjects  the  administration  of  thyrotropin  was 
followed,  8  hours  later,  by  an  increase  in  the  uptake  of  radio  lod 
by  the  thyroid  gland  ;  this  increase  attained  a  maximum  in  -4 
hours  and  returned  to  the  pre-injection  levels  m  4-5  days.  It  is 
interesting  that  iodine  stored  in  the  thyroid  is  also  more  rapidly 
released,  probably  as  thyroxine,  under  the  influence,* thyro^rop. 
hormone  Hence  this  hormone  appears  to  control  both  the  st 
and  the  discharge  of  iodine  from  the  thyroid  gland  (ltawson 


1. 


Fig.  10 

Showing  the  deposition  of  iodine  in  thyroid  follicles. 

!  nstamed  autoradiograph  of  thyroid  from  rat  killed  one 
hour  alter  injection  of  radio  iodine.  Most  follicles  appear 
as  rings  because  of  the  deposition  of  photographic  granules 
at  the  level  of  the  epithelium.  xOo. 


Sun dar  picture  from  rat  killed  24  hours  after  injection  of 
radio  iodme.  Practically  all  follicles  appear  as  dots'  because 
olloid  dt>r  photographic  granules  over  the 


(After  Leblond  and  Gross,  1048.) 


|  To  fare  / tage  122. 
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MacArthur,  1947).  In  hypophysectomized  animals,  in  which  no 
thyrotropic  hormone  is  of  course  produced,  less  iodine  is  stored 
by  the  thyroid,  though  still  much  more  than  in  other  tissues 

(Leblond  and  Sue,  1941). 


I 

H0<^  )>ch2.ch  nh2.cooh—  H0<^ 

i 

Tyrosine 

I  I 

— *  h°0-°-<  >ch2.chnh2.cooh. 

I  I 

Thyroxine 


ch2.chnh?.cooh 


Diiodotyrosine 


Iodine  is  taken  up  by  the  thyroid  gland  much  better  in 
hyperthyroid  than  in  hypothyroid  patients  (Keating  et  al., 
1947),  or  than  in  normal  individuals  (Stanley  and  Astwood,  1948) ; 
this  was  shown  in  experiments  with  radio  iodine.  Studies  with 
radio  iodine  also  support  the  view  that  thyroxine  is  formed  from 
tyrosine  which  is  first  iodinated  to  monoiodotyrosine  (Fink  and 
Fink,  1948  ;  Taurog  et  al.,  1949),  then  to  diiodotyrosine,  and 
finally  converted  to  the  thyroid  principle.  This  series  of  changes 
can  be  followed  not  only  in  intact  thyroid  glands  but  also  in 
slices  of  the  organ  surviving  in  vitro.  When  iodine  is  given  to 
animals  or  man  much  of  it  is  fixed  by  the  thyroid,  in  which  it  is 
found  in  the  form  of  inorganic  iodine,  diiodotyrosine  and  thyroxine. 
After  some  time  a  greater  proportion  of  the  administered  iodine  is 
found  as  thyroxine,  which  has  been  formed  from  diiodotyrosine 
(Mann  et  al.,  1942).  The  administration  of  an  excessive  amount  of 
iodine  to  rats,  however,  inhibits  the  formation  of  organically 
bound  iodine  in  the  thyroid  gland,  by  inhibiting  both  the  incorpora¬ 
tion  of  iodine  into  diiodotyrosine  and  the  conversion  of  this 
compound  to  thyroxine.  This  too  has  been  demonstrated  bv  the 
administration  of  radio  iodine  (Wolff  and  Chaikoff,  1948).  It  is 
possible  that  this  may  explain  the  remarkable  action  of  iodine  in 
inhibiting  the  excessive  thyroid  activity  in  exophthalmic  goitre. 


124 


THE  THYROID 


Of  very  great  interest  is  the  finding  that  thyroxine  can  be  formed 
not  only  in  the  thyroid  but  also  by  tissues  outside  this  gland,  an 
important  discovery  also  achieved  by  the  use  of  radio  iodine 
(Morton  et  al.,  1943).  These  investigators  administered  iodine  to 
completely  thyroidectomized  rats,  and  24  to  90  hours  later  found 
that  as  much  as  30  per  cent  of  this  iodine  was  present  in  organic 
combination.  By  careful  chemical  analysis  they  were  able  to  show 
that  this  organic  material  contained  both  diiodotvrosine  and 


Showing  the  relative  specific  radio-activities  in  the  thyroid  gland 
of  dogs  at  various  periods  after  the  injection  of  radioactive  iodine. 

(Alter  Mann  et  al.,  1942.) 


thyroxine  This  finding,  which  is  now  being  further  investigated, 
naturally  raises  the  question  whether  the  metabolic  activities 
which  occur  in  the  absence  of  the  thyroid  are  not,  to  some  extent, 
controlled  by  thyroxine  formed  outside  the  thyroid  gland 

Harington  (1947)  believes  that  it  can  now  be  concluded  that 
the  essenC  step  in  the  biosynthesis  of  thyroxine  is  the  hberatton 
of  iodine  from  iodide  by  an  enzymic  oxidizmg  system  If  this 
occurs  in  living  tissue,  in  which  tyrosine  is  present,  this  ammo  aeid 
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is  first  converted  to  diiodotyrosine  and  the  iodine  then  oxidizes 
the  latter  to  thyroxine. 

Thyroxine  is  continually  being  formed  by  the  thyroid,  and  it  is 
rapidly  excreted  into  the  intestine  by  the  liver.  This  has  been 
shown  by  injecting  rats  with  thyroxine  containing  radio  iodine  and 
following  its  fate  in  the  body  (Gross  and  Leblond,  1947). 

Iodinated  Proteins 

A  recent  development,  which  may  prove  ol  great  practical 
importance,  is  the  finding  that  by  the  iodination  of  tyrosine  rich 
proteins,  such  as  casein,  a  product  is  obtained  which  contains 
thyroxine  and  exhibits  the  biological  activity  of  thyroid  hormone. 
This  was  first  demonstrated  bv  Ludwig  and  Mutzenbecher  (1939), 
and  the  subject  is  reviewed  by  Reineke  (1946),  who  describes  the 
extensive  chemical  work  that  has  been  done  to  determine 
the  optimum  conditions  for  iodination.  By  careful  control  of  the 
conditions  it  is  now  possible  to  produce  consistently  preparations 
containing  3  to  4  per  cent  of  thyroxine,  as  determined  by  either 
chemical  analysis  or  biological  assay  (Reineke  et  al.,  1945).  It  still 
remains  to  be  proved  definitely  that  all  the  biological  activity  in 
the  material  is  due  to  its  thyroxine  content. 

These  artificial  preparations  are  active  when  administered  either 
orally  or  parenterally  but  hardly  any  clinical  work  has  been  done 
with  them,  although  this  seems  desirable  now  that  highly  active 
preparations  are  available.  Successful  responses  in  myxoedema 
and  cretinism  were  described  in  1939  by  Lerman  and  Salter,  and 
more  recently  De  Gennes  and  Deltour  (1948)  have  described  the 
value  of  iodocaseins  containing  up  to  1 .7  per  cent  of  thyroxine  in 
cases  of  hypothyroidism.  These  authors  point  out  that  these 
substances  have  a  stronger  effect  on  myxoedema  than  thyroid 
preparations,  without  causing  unpleasant  side-effects,  such  as 
palpitations,  tachycardia,  diarrhoea  and  nervous  irritability. 
Hamilton  and  his  co-workers  (quoted  by  Kelsey  et  al.,  1949) 
describe  the  use  ol  iodocasein  labelled  with  radioactive  iodine  in 
the  treatment  ol  a  case  of  myxoedema. 

A  laii  amount  ol  work  has  been  done  on  the  possible  use  of 
iodinated  proteins  in  farm  animals.  Thus  it  has  been  shown  that 
the  feeding  of  carefully  regulated  doses  of  such  substances  to  cows 
in  declining  lactation  causes  an  increase  in  the  milk  yield,  and  the 
at  co»fent  of  the  milk  is  appreciably  increased.  The  milk  does  not 
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contain  any  quantities  of  thyroxine  detectable  by  biological  t 
methods  (Reineke,  1946  ;  Blaxter,  1945).  A  similar  effect  can  be  : 
produced  by  the  feeding  of  synthetic  /-thyroxine  to  cows  (Bailey 
et  al.,  1949).  There  is  also  evidence  that  the  summer  decline  in 
egg  production  in  hens  can  be  prevented  to  a  great  extent  by 
feeding  them  with  optimum  amounts  of  iodinated  protein,  but 
this  requires  conlirmation  (Reineke,  1946). 

Antithyroid  Substances 

Up  to  a  few  years  ago  the  only  methods  available  for  the 
treatment  of  hyperthyroidism  were  either  removal  of  part  of  the 
thyroid  gland  or  the  administration  of  iodine.  The  latter,  however, 
produces  only  temporary  benefits,  and  is  used  only  as  a  preliminary 
to  operation.  The  discovery  of  substances  which  influence  the 
functional  activity  of  the  thyroid  therefore  represents  an  important 
advance,  though  their  exact  place  in  therapeutics  is  still  a  matter  of 
controversy.  By  the  use  of  radio  iodine  it  has  been  possible  to 
elucidate,  to  some  extent,  the  mechanism  by  which  various  anti¬ 
thyroid  substances  produce  their  effect. 

Discovery 

The  discovery  of  antithyroid  substances  really  dates  back  to 
1928,  when  Chesney  et  al.  (1928)  found  that  in  their  colony  of 
rabbits,  which  were  being  fed  mainly  on  cabbage,  many  animals 
developed  hyperplasia  of  the  thyroid  gland  ;  the  significance  of 
this  was  at  first  not  realized  ;  later  similar  effects  were  also  found 
in  animals  fed  with  other  plants  of  the  Brassica  Genus.  1  liese 
plants  are  known  to  contain  nitrile  derivatives,  and  shortly 
afterwards  Marine  and  his  co-workers  (19.12)  found  that  the 
administration  of  acetonitrile  to  rabbits  caused  striking  by  per- 
plasia  of  the  gland. 

For  a  period  no  further  progress  was  made  but  in  the  early  1 9 10  s 
several  new  goitrogenic  substances  were  discovered,  including  to 
begin  with,  sulphaguanidine  and  later,  allylthiourea  and  thiourea 
(Mackenzie  et  al.,  1941;  Richter  and  Clisby,  1942;  Kennedy, 
1942)  Astwood  and  his  co-workers  confirmed  and  extended  these 
observations  (Astwood  et  al,  1943)  and  showed  that  these 
substances  interfered  with  the  synthesis  of  the  thyroid  hormones 
in  the  thyroid  gland,  but  did  not  antagonize  the  action  ol  the 
thyroid  hormone  in  tissues.  Astwood  investigated  a  large  num  >er 
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Fig.  12 

Showing'  the  effect  of  treatment  with 
anti-thyroid  substance  on  the  height 
of  the  thyroid  epithelium. 

't  hyroid  of  young  rat  on  stock 
diet.  X  000. 

15.  Thyroid  of  young  rat  fed  0.6(i  per 
cent  thiourea  for  “21  days.  X  600. 

Note  absence  of  colloid  and  increase 
in  height  of  epithelial  cells. 

(After  Mackenzie  and  Mackenzie,  1943.) 
To  face  page  127.] 
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of  other  substances  and  was  the  first  to  apply  his  results  to  the 
treatment  of  human  thyrotoxicosis  (Astwood,  1943)  ;  he  observed 
that  the  effect  came  on  after  a  latent  period  of  one  to  two  weeks. 
At  present  thiouracil  derivatives  are  the  substances  most  com¬ 
monly  used,  but  work  is  actively  proceeding  to  produce  less  toxic 
and  more  active  substances. 

When  these  substances  are  given  to  animals  they  produce 
the  characteristic  signs  of  thyroid  hypofunction,  including  a 
gradual  reduction  in  the  basal  metabolic  rate,  a  decreased  food 
intake  and  an  impairment  of  growth  and  development.  The 
thyroid  gland  becomes  enlarged  and  shows  colloid  loss,  increased 
vascularity  and  increase  in  the  height  of  the  acinar  epithelium. 

Mechanism  of  Action  of  Antithyroid  Substances 

It  is  clear  that  antithyroid  substances  like  thiourea  and  thio¬ 
uracil  produce  their  effect  by  inhibiting  the  conversion  of  iodine 
to  diiodotyrosine  and  thyroxine.  The  taking  up  of  inorganic  iodine 
is  apparently  not  affected,  but  only  its  conversion  to  organic 
iodine  (Taurog  et  al.,  1947  ;  Vanderlaan  and  Vanderlaan,  1947  ; 
Stanley  and  Astwood,  1948).  The  effect  of  these  goitrogens  on  the 
formation  of  thyroxine  has  been  demonstrated  both  in  vitro  and 
in  vivo  (Franklin  et  al.,  1944).  The  in  vivo  experiments  were 
performed  on  rats  :  the  animals  were  fed  on  thiouracil  for  a  week, 
injected  with  radio  iodine  and  killed  48  hours  later.  The  thyroids 
contained  about  half  the  amount  of  radio-thyroxine  and  about 
one  third  the  amount  of  radio-diiodotyrosine  found  in  normal 
glands. 

The  effect  on  the  uptake  of  radio  iodine  by  the  thyroid  has 
been  used  as  a  method  of  estimating  the  relative  efficiency  of 
various  goitrogenic  substances.  Marked  effects  were  produced 
both  in  rats  and  chicks  by  benzyl  thiouracil,  propyl  thiouracil  and 
thiouracil  (McGinty  and  Rawson,  1947).  The  method  has  proved 
particularly  useiul  in  evaluating  the  effect  of  these  drugs  in  man. 
Ihus  Stanley  and  Astwood  (1947)  determined  the  rate  of  ac¬ 
cumulation  of  iodine  by  the  thyroid  of  normal  subjects  by  serial 
counts  with  a  Geiger-Muller  counter  placed  on  the  thyroid  region, 
and  showed  that  the  uptake  was  reduced  by  a  number  of  anti¬ 
thyroid  drugs.  They  found  a  close  correlation  between  the 
results  so  obtained  and  those  recorded  in  clinical  trials. 

An  important  feature  of  the  action  of  these  substances  in  animals 
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is  the  enlargement  of  the  thyroid  gland  which  is  produced.  The 
mechanism  of  this  effect  is  probably  as  follows  :  Normally,  the 
secretory  activity  of  the  thyroid  is  maintained  by  the  thyrotropic 
hormone  of  the  anterior  pituitary  gland.  The  output  of  this 
hormone,  however,  is  itself  regulated  by  the  concentration  of 
thyroid  hormone  in  the  circulation.  If  the  formation  of  thyroxine 
is  inhibited  by  a  substance  like  thiouraeil,  then  the  inhibition  of 
the  anterior  pituitary  will  be  removed  and  the  output  of  thyro¬ 
tropic  hormone  will  be  increased  ;  this  in  turn  will  produce  a  gland¬ 
ular  hyperplasia  of  the  thyroid.  There  is  much  experimental 
evidence  in  support  of  this  view,  including  the  finding  that  thy¬ 
roxine  inhibits  the  secretion  of  thyrotropic  hormone ;  in  addition 
thyroxine  also  depresses  the  response  of  the  thyroid  to  thyro¬ 
tropin  (Cortell  and  Rawson,  1944). 

The  mode  of  action  of  some  other  antithyroid  substances  has 
also  been  investigated.  The  effects  of  potassium  thiocyanate, 
which  has  been  used  in  the  treatment  of  hypertension,  are  of 
some  interest.  The  results  obtained  by  different  investigators 
are  not  all  in  agreement,  but  suggest  on  the  whole  that  the  drug 
inhibits  the  uptake  of  iodine  by  the  thyroid  rather  than  its  con¬ 
version  to  thyroxine  (see  Kelsey  et  al.,  1949). 


Absorption,  Distribution  and  Excretion  of  Antithyroid 

Drugs  . 

Thiouraeil  is  rapidly  absorbed  from  the  intestine  both  in  animal) 

and  man.  Thus  it  is  present  in  the  blood  (about  2  mg.  per  100  ml.s 
-some  15  minutes  after  its  administration  to  a  fasting  man 
(Williams  and  Kay,  1944  ;  Williams  et  al. ,  1944).  The  drug  is 
distributed  throughout  the  body  fluids  including  the  cerebrospinal 
fluid  but  its  concentration  in  the  red  cells  is  several  times  higher 
than  in  the  plasma.  Milk  contains  about  three  times  as  much  as 
the  blood,  and  the  drug  passes  through  the  placenta  producing 
significant  concentrations  in  tire  foetus.  It  is  rapidly  excreted  in 
the  urine,  the  maximum  excretion  occurring  during  the  seconc 
hour  after  ingestion,  and  it  is  almost  complete  m  about  24  hours. 
Some  of  the  drug  is  destroyed  in  the  body.  McGmty  et  al.  (191 l  ) 
have  shown  that  in  man  about  40  per  cent  of  thiouraeil  and  methyl- 
thiouracil  are  excreted  in  the  urine  within  -  loins.  , 

than  10  per  cent  of  propylthiouracil  and  none  of  the  benzyl 
compound  are  excreted  in  the  free  form  in  the  same  period.  These 
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results  show  that  benzylthiouracil  and,  to  a  lesser  extent,  propyl¬ 
thiouracil  are  conjugated  in  the  body  and  eliminated  as  an  acic 
hvdroly sable  complex  ot  unknown  nature. 

Thiouracil  derivatives  accumulate  in  the  thyroid  gland,  but 
there  is  no  definite  correlation  between  the  amount  of  drug  in  the 
thyroid  and  its  antithyroid  activity.  In  a  patient  treated  with 
thiouracil  who  died  suddenly,  the  drug  was  found  to  be  con¬ 
centrated  in  the  adrenals,  ovaries,  spleen  and  liver  (Williams  and 
Kay,  1947). 


Clinical  Use 

There  is  still  much  controversy  about  the  place  of  thiouracil 
and  its  derivatives  in  the  treatment  of  hyperthyroidism.  The  use 
of  these  drugs  is  discussed  by  Himsworth  (1948).  The  disease  can 
easily  be  controlled,  but  toxic  effects  are  not  uncommon  (10-20 
per  cent  of  cases),  are  sometimes  serious,  and  may  even  be  fatal. 
Hence  some  authorities  believe  that  these  drugs  should  be  used 
only  to  prepare  patients  for  operation.  Others  believe  that,  if 
proper  precautions  are  taken,  they  are  suitable  for  full  treatment 
of  the  disease,  and  point  out  that  the  operative  risk  is  by  no  means 
negligible,  especially  in  unskilled  hands. 

Administration  of  the  drug  produces  no  great  change  in  the 
size  of  the  thyroid,  but  symptoms  are  generally  relieved.  The 
metabolic  rate  falls,  usually  to  normal,  and  the  body  weight 
increases.  Tachycardia  disappears  slowly  but  there  is  usually 
little  effect  on  the  exophthalmos.  In  contrast  to  iodine  therapy 
there  is  no  tendency  to  “escape’'  during  continued  administration. 
The  auricular  fibrillation  in  thyrotoxicosis  can  frequently  be 
converted  to  normal  sinus  rhythm  by  administration  of  thiouracil 
compounds  (see  Goodwin,  1949). 

Dosage 

The  dose  has  to  be  carefully  considered.  At  first  large  doses  of 
thiouracil,  i.e.  1.0  gram  per  day  or  more,  were  used  and  toxic 
effects  were  common.  It  was  soon  found,  however,  that  beyond 
a  certain  point,  increase  in  dose  does  not  increase  the  effectiveness 
of  the  drug  and  nowadays  the  treatment  is  usually  started  with 
smaller  doses,  e.g.  200  mg.  of  methyl  thiouracil  per  day,  and  this  is 
decreased  to  a  daily  maintenance  dose  of  25,  50  or  at  most  100  mg 
per  day  (Himsworth,  1948). 

PHARMACOLOGY 
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Toxic  Effects 

The  treatment  has  to  be  continued  for  a  long  time,  several 
months  or  more,  and  even  then  relapses  are  frequent  and  occur 
at  various  periods  after  the  end  of  treatment.  The  patient  has  to 
be  watched  carefully  as  toxic  reactions,  many  of  them  allergic 
in  type,  may  occur,  sometimes  very  suddenly.  Mild  toxic  effects 
such  as  fever,  urticaria,  conjunctivitis,  nausea,  etc.,  are  controlled 
when  the  drug  is  withdrawn  or  the  dosage  reduced.  Serious 
reactions  involve  the  blood  forming  organs  and  may  include 
agranulocytosis  in  2  per  cent ;  25  per  cent  of  these  cases  are  fatal, 
i.e.  0.5  per  cent  of  the  total.  Neutropenia  does  not  necessarily 
lead  to  agranulocytosis  which  may,  however,  occur  without  any 
warning  neutropenia.  Every  patient  should  be  aware  of  these 
possibilities,  and  on  the  appearance  of  fever  or  of  a  sore  throat, 
thiouracil  therapy  should  be  stopped,  the  doctor  should  be 
informed  and  the  blood  examined.  If  granulocytes  are  few  or 
absent,  large  doses  of  penicillin  should  be  gi\en. 

The  value  of  antithyroid  drugs  in  preparation  for  surgery  has  been 
firmly  established.  Treatment  should  be  continued  until  the  thyroid 
function  is  normal  and  in  some  patients  it  may  take  months  before 
operation  can  be  safely  undertaken.  The  treatment,  however,  leaves 
the  thyroid  in  a  hyperplastic  and  vascular  condition  which  makes 
the  operation  technically  difficult.  This  can  fortunately  be  over¬ 
come  by  the  simultaneous  administration  of  iodine  and  it  is  now 
generally  recommended  that  iodine,  in  the  form  of  Lugol  s  solution, 
be  given  for  some  three  weeks  before  the  operation,  except  in 
patients  in  crisis  or  near  crisis  states  who  need  immediate  adminis¬ 
tration  of  iodine  (Bartels,  1948  ;  Lahey  and  Bartels.  1947  ,  Grauer 
et  al  1948).  An  iodinated  compound,  5-iodo-2-thiouracil,  posses,  e. 
the  actions  both  of  iodine  and  of  thiouracil  on  the  thyroid,  and 
it  has  been  suggested  that  it  might  be  suitable  for  the  preparation 
of  thyrotoxic  patients  for  thyroidectomy  (Williams  et  al. ,  194.  ). 


Value  of  Different  Compounds 
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A  number  of  other  compounds  have  been  made  and  tested  in 
the  hope  of  finding  one  which  will  be  more  potent  and  less  liable 
to  produce  serious  toxic  effects.  Williams  (1947)  gives  details  of  a 
clinical  comparison  of  various  substances.  Some  lesults  suggest 
that  methylthiouracil  (Barfred,  1947  ;  Meulengracht  and  Kjerulf- 
Jensen,  1948)  and  n-propyl-thiouracil  (Astwood  and  Vanderlaan, 
1945)  are  more  satisfactory.  Thus  McCullagh  et  al.  (1947)  used 
the  propyl  compound  in  215  cases  lor  an  average  of  eight  months, 
and  on  some  cases  for  periods  up  to  14  months,  with  no  agranulo¬ 
cytosis  (see  Chart  II  in  this  paper).  The  results  of  Bartels  (1948) 
too.  suggest  that  propylthiouracil  is  less  toxic  than  thiouracil  or  its 
methyl  derivative.  According  to  Himsworth  (1948),  however, 
there  is  little  to  choose  between  thiouracil,  methylthiouracil  and 
propylthiouracil. 

There  are  reports  that  vitamin  A,  in  massive  doses  (up  to 
400,000  i.u.  per  day),  controls  exophthalmic  goitre  but  this  needs 
further  investigation  (Simkins,  1947).  The  possible  mechanism  of 
this  effect  is  discussed  by  Sadhu  and  Brody  (1947). 

Thiouracil  and  its  derivatives  have  been  used  in  the  treatment  of 
various  other  conditions  including  angina  pectoris  (Raab,  1945  ; 
Schoenewald,  1948)  and  in  cases  of  congestive  heart  failure  not 
responding  to  other  forms  of  treatment  (Sharpey-Schafer,  1946). 


Radio  Iodine 

Metabolism 

The  use  of  radio  iodine  in  thyroid  disease  is  reviewed  by  Kelsey 
et  al.  (1949),  who  also  discuss  the  fate  of  radio  iodine  in  the  body. 
It  is  rapidly  absorbed  in  the  stomach  and  can  be  detected  in  the 
human  hand  within  3-6  minutes.  About  75  per  cent  of  the  drug 
is  absorbed  in  the  gastro-intestinal  tract  in  one  hour  and  absorption 
is  apparently  complete  in  three  hours.  There  is  evidence  that  radio 
iodine  is  distributed  throughout  the  extracellular  fluids.  Some  of 
the  dose  absorbed  is  probably  secreted  back  into  the  stomach, 
since  the  gastric  glands  in  man  have  been  shown  to  secrete  radio 
iodine  in  high  concentrations  when  it  is  injected  intravenously. 
The  concentration  in  the  blood  rises  to  a  maximum  within  an 
hour  after  ingestion  and  then  falls  gradually.  The  fall  is  more 
rapid  in  hyperthyroidism  and  slower  than  normal  in  myxeedema- 
tous  patients.  A  large  part  of  the  injected  dose  is,  as  already 
mentioned,  collected  by  the  thyroid  but  other  tissues,  particularly 
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the  ovaries,  pituitary,  lungs,  kidneys,  liver  and  muscles  also 
take  up  small  amounts  of  radio  iodine.  The  “clearance”  of  radio 
iodine  by  the  thyroid  has  been  determined  by  Myant  et  al.  (194!)) 
by  doing  counts  over  the  region  of  the  thyroid,  from  which  the 
iodine  content  of  the  gland  can  be  estimated.  Blood  samples  are 
removed  and  their  iodine  content  determined.  From  these  figures 
the  rate  of  clearance  of  iodine  from  the  blood  can  be  calculated. 
In  normal  subjects  about  16  ml.  of  plasma  are  cleared  of  iodide 
per  minute  by  the  thyroid.  In  untreated  thyrotoxic  patients  the 
clearance  rate  averaged  486  ml.  per  minute,  ranging  from  200-1400 
ml.  per  minute.  The  renal  clearance  rate  for  plasma  radio  iodide 
averaged  about  30  ml.  per  minute  in  both  normal  and  thyrotoxic 
subjects.  The  authors  believe  that  the  thyroid  clearance  test  is  a 
more  sensitive  and  direct  measure  of  iodine-collecting  activity  than 
previous  tests  based  on  radio  iodine,  and  may  prove  of  greater 
value  than  the  basal  metabolic  rate  in  diagnosing  minor  degrees 
of  thyrotoxicosis. 

In  normal  subjects  a  large  part  of  an  ingested  dose,  i.e.  about  70 
per  cent,  is  excreted  in  the  urine  within  48  hours,  after  which  time 
only  minute  quantities  are  excreted.  In  myxcedema  a  higher 
proportion  of  the  dose  (up  to  90  per  cent)  is  recovered  in  the  urine, 
while  in  hyperthyroidism  smaller  or  much  smaller  amounts  are 
usually  excreted  by  the  kidneys  (Keating  et  al.,  1947).  The 
excretion  of  radio  iodine  is  being  investigated  as  a  method  of 
diagnosis  in  thyroid  disease.  A  dose  of  not  more  than  1 0  micro- 
curies  given  orally  is  sufficient  and  can  be  safely  used  as  a  routine 
procedure.  The  method  provides  a  satisfactory  diagnostic  aid  in 
cases  of  doubtful  thyrotoxicosis.  Impairment  of  the  renal  function, 
however,  makes  interpretation  of  the  excretion  curve  difficult  and 
may  invalidate  the  result  (Mason  and  Oliver,  1949  ;  Arnott  et  al., 
1949). 


Therapeutic  Use 

Radio  iodine  has  been  used  in  the  treatment  of  hyperthyroidism 
and  of  cancer  of  the  thyroid.  As  the  substance  is  stored  in  the 
thyroid  the  radiation  emitted  would  be  expected  to  inhibit  the 
functional  activity  of  the  gland,  and  thus  to  control  the  growth  of 
malignant  tissue- as  does  exposure  to  X-rays.  In  dogs  and  rabbits 
it  has  indeed  been  possible  to  produce  almost  complete  destruction 
of  the  thyroid  with  radio  iodine  without  evidence  ol  damage  to 
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other  tissues  of  the  body  (Hamilton  and  Lawrence,  1942).  Mixtures 
of  the  12  hour  and  8  day  isotopes,  or  the  8  day  isotope  alone,  have 
been  administered  in  cases  of  hyperthyroidism  and  a  number  of 
them  have  responded  well  (Chapman  and  Evans,  1946  ;  Soley  et 
al ]  949).  Prinzmetal  et  al.  (1949)  have  obtained  favourable  results 
in  cases  of  severe  diffuse  toxic  goitre  with  complications.  Further 


Fig.  13 

Showing  the  effect  of  a  single  dose  of  radioactive  iodine  (52  MC)  in  a 
patient  with  hyperthyroidism  who  became  hypersensitive  to  thiouracil 
and  iodine.  Thiouracil  produced  a  rise  in  temperature  and  potassium 
iodide  produced  extensive  dermatitis. 

(After  Chapman  and  Evans,  1946.) 

work  is  necessary,  especially  to  determine  what  doses  are  safe 
According  to  Haines  et  al.  (104.8),  it  is  usually  necessary  to  give 
mol'.,  than  200  microcuries  per  gram  of  thyroid  tissue.  Favourable 
results  have  also  been  reported  in  the  treatment  of  malignant 
disease  of  the  thyroid  (Seidlin  et  al.,  1946).  Unfortunately  many 
thyroid  tumours  do  not  take  up  iodine  anil  hence  this  treatment 
can  he  of  value  only  in  a  minority  of  cases.  There  is  evidence 
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however,  that  the  uptake  of  iodine  by  metastatic  thyroid  tumours 
can  be  favourably  influenced  by  thyroidectomy  or  by  injections  of 
thyrotropic  hormone,  which  increases  the  avidity  of  thyroid  tissue 
for  iodine  (Seidlin  et  al.,  1948  ;  Rawson  et  al.,  1948,  1949). 
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CHAPTER  7 


BACTERIAL  CHEMOTHERAPY 


This  is  a  field  which  has  grown  tremendously  in  the  last  fifteen 
years  and  is  still  expanding.  It  will  only  be  possible  to  deal  with 
certain  aspects  of  recent  developments  within  the  limits  of  the 
space  available.  More  details  will  be  found  in  the  volume  on 
chemotherapy  in  the  Recent  Advances  series,  and  the  publication 
on  “Antibiotic  Substances,  Their  Biological  and  Chemical 
Properties”  published  bv  the  Antibiotics  Study  Section  of  the  • 
National  Institute  of  Health  (U.S.A.)  gives,  clearly  and  concisely, 
much  specialized  information,  as  does  the  book  by  Kolmer  (1947). 


Penicillin 

Different  Forms 

The  story  of  the  discovery  of  penicillin  by  Fleming,  Florey 
and  C  liain,  is  now  quite  familiar,  though  it  still  remains  a  very 
remarkable  achievement.  Penicillin  is  obtained  as  a  metabolic 
product  of  various  moulds,  notably  penicillium  notatum.  It  has 
y  ,  ut  the  y  leld  is  small  and  this  is,  at  present, 

of  no  practical  value  (Du  Vigneaud  et  «/.,  1946). 

The  unit  of  penicillin  is  defined  as  the  activity  of  0.65 /xg.  of  the 
master  standard  as  measured  under  standardized  conditions.  The 
need  foi  an  international  unit  is  particularly  great,  since  there 
are  many  forms  of  penicillin,  which  vary  in  their  biological 
activity,  a  fact  which  has  proved  to  be  of  practical  impor¬ 
tance.  The  separate  pure  penicillins  are  available  onlv  for 
experimental  work.  A  pure  preparation,  consisting  of  a  mixture  of 
the  various  forms  of  penicillin,  can  be  obtained,  as  can  also  a 
crystalhne  preparation  which  consists  essentially  of  penicillin  II 
■  ‘  has  been  suggested  that  the  impure  preparations,  in 

common  use,  may  in  fact  be  more  active  in  certain  conditions, 
but  th!s  requires  confirmation  (Dunham  and  Rake,  1945). 

edited  t TntTl  °f  ?T1Clllin  iS  extensively  discussed  in  the  book 

7.  (  Iarke>  -Johnson  and  Robinson  (1949),  which  gives 

ci  s  o  many  o  the  investigations  performed  in  Britain  and 
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U.S.A.  during  the  war.  A  short  account  is  given  by  Chain 
(1948). 

All  known  forms  of  penicillin  have  the  same  general  formula, 
differing  only  in  one  group.  Their  nomenclature  is  complicated 
by  the  fact  that  different  names  were  used  in  Britain  and  U.S.A.  as 
knowledge  about  them  developed  in  the  rather  secret  atmosphere 
of  the  war  ;  both  nomenclatures  are  given  below  : — 


R 


L  (C  ^3)2 

C.  COOK 


General  formula  of  penicillins 


Penicillin  IV  (K) 


Some  Forms  of  Penicillin 

(The  American  nomenclature  is  given  in  brackets) 

R  in  the  above  formula. 

A2-pentenyl.  CH3.CH2.CH  =  CH.CH2 — 
n-amyl. 
benzyl 
p-hydroxy- 
benzyl 

n-heptyl  CH3CH2CH2CII2CH2CH2CHj- 


Penicillin  I  (F) 
Dihydropenicillin  I  (F) 
Penicillin  II  (G) 
Penicillin  III  (X) 


ch2.ch2.ch2.ch2 


ch3 
c6h5.cii2- 
oh.c8h4ch2 


Activity  and  Metabolism 

The  activity  of  these  various  penicillins  against  different 
organisms  differs  in  vitro ,  as  well  as  in  vivo  ;  their  activity  in  vivo 
is  further  complicated  by  the  fact  that  they  are  metabolized  and 
excreted  at  different  rates.  Data  are  given  in  Tables  1  and  2. 
Many  new  biosynthetic  forms  of  penicillin  have  recently  become 
available  through  the  fascinating  investigations  of  a  group  o 
workers  of  the  Lilly  Research  Laboratories  and  their  collaborators. 
They  found  that  the  addition  of  certain  chemical  precursors  in 
the  culture  medium  of  the  mould  led  to  their  incorporation  into 
the  penicillin  molecule  (Behrens  et  al.,  1948).  Some  ol  these  new 
penicillins  are  more  active  than  penicillin  II  ;  and  some  ot  the 
are  less  toxic  (Rose  et  al.,  1949).  The  possibility  ot  producing 
forms  of  penicillin  active  against  penicillin  II  resistant  organisms 

is  also  being  investigated. 
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Table  1 


Showing  the  relative  activities  in  vitro  of  the  various  forms  of  penicillin 
against  Staphylococcus  Aureus  and  B.  Subtilis. 


Ty 


pe  of  penicillin 


Activity  in  units  per  mg.  against 
Staph.  Aureus  B.  Subtilis. 


II 

I 


1667 

1625 


1 667 
1075 


dihydro  I 

III 

IV 


1610 

970 

2300 


1015 

1450 

760 


Table  2 


Showing  the  relative  activities  of  the  different  forms  of  penicillin  against 

various  experimented  infections. 


Type  of  infection 

Therapeutic  activity  relative  to 
Penicillin  II  (G)  as  100. 

I  II  III  IV 

Pneumococcal  infections 
in  mice 

83 

100 

160 

19 

Streptococcal  infections 
in  mice 

50 

100 

260 

9 

T.  pallidum  infections 
in  rabbits 

8 

100 

14 

11.5 

W  hen  penicillin  is  given  parenterally,  it  is  rapidly  excreted  and  a 
variable  amount,  up  to  70  per  cent,*  is  found  unchanged  in  the 
urine.  The  remainder  is  rapidly  metabolized  and  the  inactive 
metabolic  products  arc  also  quickly  excreted  :  this  has  been  shown 
b\  studies  with  penicillin  labelled  with  radioactive  sulphur 
(Howlands  et  al .,  1948). 

The  rate  of  metabolism  of  the  different  penicillins  has  been 
studied  by  Eagle  and  Musselman  (1946)  who  injected  rabbits 
intramuscularly  with  crystalline  penicillins  I,  II,  III  and  IV. 
With  penicillin  IV  (K)  the  blood  level  of  the  drug  fell  far  more 
rapidly  t  jan  with  the  other  three  penicillins  and  a  lower  proportion 
of  penicillin  I\  than  of  the  other  three  forms  was  excreted  in  the 
urine.  Similar  results  were  obtained  in  experiments  in  human 
subjects,  injected  with  0.6  mg.  per  kg.  of  the  various  forms 
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penicillin.  Thus  a  measurable  blood  concentration  was  maintained 
for  only  70  minutes  with  penicillin  IV  and  for  over  two  hours  with 
the  other  penicillins.  This  is  obviously  one  of  the  factors  accounting 
for  the  low  chemotherapeutic  activity  of  penicillin  IV  (K),  and  is 
of  considerable  clinical  importance,  especially  in  the  treatment 
of  syphilitic  conditions.  As  the  methods  of  preparation  and 
purification  of  penicillin  evolved,  one  stage  was  reached  at  which 
certain  batches  of  the  final  material  contained  a  high  proportion 
of  penicillin  IV  (see  “The  Changing  Character  of  Commercial 
Penicillin,”  194C).  This  difficulty  has  now  been  overcome  and  the 
proportion  of  penicillin  IV  in  most  products  is  now  low.  Much  work 
has  been  done  to  determine  which  form  of  penicillin  is  best  in  the 


treatment  of  infection  and  especially  syphilis,  and  there  is  good 
evidence  for  believing  that  penicillin  II  (G),  or  a  mixed  crystalline 
preparation  containing  a  high  proportion  of  penicillin  II,  is  the 
preparation  of  choice. 

The  treatment  of  various  forms  of  syphilis  with  penicillin  is 
reviewed  in  the  Journal  of  the  American  Medical  Association 
(1948)  by  the  Syphilis  Study  Section,  National  Institute  of 
Health,  and  details  are  given  about  dosage  and  duration  ot  treat¬ 
ment.  The  question  of  combining  such  treatment  with  other 
forms  of  medication  (bismuth,  arsenicals)  is  also  discussed 
In  Britain  it  is  generally  accepted  that  better  results  are  obtained 
with  such  combined  treatment. 

When  gonorrhoea  is  treated  with  penicillin,  of  which  only 
comparatively  small  doses  are  required,  a  simultaneously  or 
previously  acquired  syphilitic  infection  may  be  masked,  and 
discovered  until  a  delayed  sore  or  secondary  reactions  are  seen, 
or  a  positive  serological  reaction  appears.  This  possibility  must 
be  borne  in  mind  in  the  treatment  of  gonorrhoea  (Fvomev  et  aL 
1940),  and  it  has  been  suggested  that  patients  in  whomsypH^ 
is  suspected  should  be  watched  for  a  period  of  six  months  1  us 
Jiffieultv  may  be  overcome  by  using  streptomycin  for  treating 
gonorrhoea  in'  patients  in  whom  both  venereal  infect, ons  may  be 
present  (Willeox,  1948). 


TpXentL  is  almost  non-toxic  when  msteredjo  man. 

fy'sSe  ^ZrZn  mTwY.h  3  application,  but  they  are 
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rarelv  serious  and  no  deaths  have  been  reported  as  due  to  the 
administration  of  the  drug.  Among  the  toxic  reactions  which 
do  occur  are  various  types  of  rashes,  including  very  occasionally 
exfoliative  dermatitis  ;  nausea  and  vomiting  ;  fever  and  serum 
sickness.  Urticaria  is  the  only  reaction  which  occurs  at  all 
commonly.  Some  of  the  allergic  reactions  seen  with  penicillin 
arc  very  similar  to  those  observed  in  fungus  diseases  of  the  skin 
and  it  has  been  suggested  that  a  fungus  infection  may  actually 
sensitize  a  patient  to  penicillin  (Peck  et  al.,  1948). 

Impure  preparations  of  penicillin  tend  to  produce  toxic  effects 
when  given  intrathecal ly,  but  pure  penicillin  is  well  tolerated. 
Normally,  12,000  units  will  maintain  a  bacteriostatic  level  in  the 
cerebrospinal  fluid  for  24  hours,  but  occasionally,  e.g.  in  the  early 
stages  of  pyogenic  meningitis,  this  dose  may  be  given  every  12 
hours.  Larger  doses,  of  50,000  units  or  more,  may  cause  severe 
meningeal  reactions  and  should  not  be  used.  Intrathecal  penicillin, 
if  continued  for  some  weeks,  may  cause  depression  of  the  ankle- 
jerks,  suggesting  damage  to  the  cauda  equina,  but  this  change  is 
reversible.  Penicillin  is  usually  introduced  into  the  cerebrospinal 
fluid  by  the  lumbar  route,  but  if  necessary  it  should  be  injected 
into  the  cisterna,  or  even  into  the  lateral  ventricles  (Cairns,  1947). 
It  should  be  noted  that  when  large  doses  of  penicillin  are  given 
intramuscularly,  chemotherapeutic  concentrations  are  quite  fre¬ 
quently  produced  in  the  cerebro-spinal  fluid  (Iledfearn  et  al.,  1949). 

The  retina  is  particularly  sensitive  to  the  toxic  action  of  various 
drugs  and  it  has  been  found  that  even  pure  crystalline  penicillin 
II  (G)  is  not  entirely  free  from  toxic  effects  when  introduced  into 
the  vitreous.  It  has  been  shown  that  of  the  five  forms  of  penicillin 
tested,  penicillin  II  was  the  least  toxic  to  the  retinal  elements 
(Gardiner  et  al.,  1948). 

Blood  Concentration 

As  penicillin  has  become  more  readily  available  the  tendency 
has  been  to  increase  the  dose,  and  at  present  the  drug  is  frequently 
given  in  doses  of  50,000  units  intramuscularly  every  three  hours, 
or  in  less  serious  conditions  100,000  units  twice  daily.  Increasing 
use  is  being  made  of  depot  preparations,  such  as  procaine  peni¬ 
cillin,  which  have  a  prolonged  effect  and  can  therefore  be  given 
.css  frequently  Much  work  has  been  done  on  the  fate  of  the  drug 
m  the  body.  After  absorption,  penicillin  is  distributed  throughout 
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the  body  fluids  but,  owing  to  its  rapid  inactivation  and  excretion, 
tlie  injections  have  to  be  frequently  repeated  in  order  to  maintain  a 
chemotherapeutic  concentration  in  the  blood  and  tissue  fluids. 
Some  of  the  penicillin  combines  with  the  serum  proteins  to  form  a 
complex.  It  was  at  first  suggested  that  this  complex,  unlike  that 
which  is  formed  between  sulphonamides  and  serum  proteins,  is 
chemotherapeutically  active  (Chow  and  McKee,  1945);  but 
later  evidence  seems  to  show  that  such  is  not  the  case,  and  that 
appreciable  inactivation  does  occur  by  binding  with  the  serum 
proteins.  In  particular  a  high  proportion  of  penicillin  IV  (K)  com¬ 
bines  with  proteins  and  this  may  be  one  of  the  factors  accounting 
for  the  low  activity  of  this  substance  in  vivo  (Tompsett  et  ol.,  1947). 

A  number  of  investigators  have  determined  the  blood  levels  that 
are  obtained  when  various  amounts  of  the  drug  are  given  per  day. 
Thus,  for  example,  Loewe  et  al.  (1945)  found  that  the  average  blood 
concentration  is  about  1  unit  per  ml.  for  each  million  units  of 
penicillin  injected  intramuscularly  or  intravenously  per  day. 

Raeteria  vary  greatly  in  their  sensitivity  to  penicillin.  lor 
example,  streptococcus  viridans  found  in  subacute  bacterial  endo¬ 
carditis,  is  much  less  sensitive  than  haemolytic  streptococci.  Large 
doses  are  thus  used  in  the  treatment  of  subacute  bacterial  endo¬ 
carditis,  up  to  20,000,000  units  daily  (Christie,  1948  ;  Loewe  et  al, 
1947),  and  an  idea  of  the  daily  dose  required  can  be  obtained  from 
the  sensitivity  of  the  organism  and  the  amount  of  penicillin 
needed  daily  to  produce  a  certain  blood  concentration. 


Prolongation  of  Action 

A  number  of  methods  have  been  used  to  increase  the  tune 
during  which  an  effective  concentration  of  the  drug  is  produced 
following  a  single  injection.  The  aim,  of  course,  is  to  reduce  the 
number  of  injections  per  day :  with  aqueous  solutions  even  large 
doses  have  to  be  given  at  relatively  frequent  intervals. 

Combination  with  Oil  and  Beeswax.  One  method  which  has  been 
used  extensively  is  to  inject  intramuscularly  a ;  susPe“s>°"  <>l  1 

drug  in  a  mixture  of  95.2  per  cent  of  peanut  oil  and  4.8  per  cent 
of  beeswax  (Romansky  and  Rittman,  1945).  A  chemotherapeu 
concentration  of  the  drug  is  maintained  for  ten  or  more  hours  and 
as  a  rule  two  injections  of  this  mixture  per  day  are  sufficient  for 
continuous  therapeutic  action.  Under  these  eircums  anm. 
patient  can  frequently  be  treated  as  an  outpatient. 
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has,  for  example,  been  used  in  the  treatment  of  syphilis.  Occasion¬ 
ally  the  injection  of  this  preparation  produces  local  irritation.  It  is 
rather  viscous,  and  therefore  difficult  to  get  up  the  syringe. 

Procaine  Penicillin.  It  has  been  shown  more  recently  that  crystal¬ 
line  penicillin  II  forms  a  complex  with  procaine  which  is  sparingly 
soluble  in  saline  and  in  oil.  When  this  is  injected,  the  penicillin 
is  slowly  released  and  chemotherapeutic  blood  levels  are 
maintained  for  some  24  hours  (Herrell  et  al.,  194T  ;  Sullivan  et  al., 
1948).  No  local  reactions  are  apparently  produced  by  such  a 
preparation.  Preliminary  results  show  that  a  high  proportion  of 
cases  of  pneumonia  are  cured  by  a  single  injection  of  300,000  units 
of  procaine  penicillin  in  oil  (Boger  et  al.,  1948).  The  preparation 
should  also  be  valuable  in  infants  and  children.  In  babies  a  dose  of 
100,000  units  produces  therapeutic  blood-penicillin  levels  for  at 
least  24  hours,  and  in  the  period  immediately  after  birth  for 
considerably  longer  (Wilson  et  al.,  1949). 

The  incorporation  penicillin  into  a  gel  made  bv  the  addition  of 
aluminium  monostearate  markedly  delays  its  absorption,  and  it  has 
been  shown  that  when  procaine  penicillin  is  suspended  in  such  a 
medium,  a  single  injection  of  300,000  units  will  maintain  a  chemo¬ 
therapeutic  concentration  in  the  blood  for  some  four  days  (Thomas 
et  al.,  1948).  W  ith  2,000,000  units  the  blood  level  is  maintained  for 
a  week  after  the  injection  (\oung  et  al.,  1949).  Such  a  preparation 
is  also  suitable  for  use  in  children  and  the  blood  levels  produced 
by  its  administration  have  been  studied  by  Emery  et  al.  (1949). 
The  use  of  procaine  penicillin  preparations  in  the  treatment  of 
syphilis,  and  in  the  prevention  of  the  disease  in  patients  exposed  to 
infection,  is  being  extensively  investigated  in  U.S.A.  The  very 
interesting  and  promising  results  were  described  by  Dr.  J.  E. 
Moore  at  a  meeting  of  the  Royal  Society  of  Medicine  and  have  been 
pub  fished  m  detail  (Moore,  1949).  It  seems  quite  clear  that  a 
single  injection  of  600.000-900,000  units  of  procaine  penicillin 
given  within  6  days  to  persons  exposed  to  infection  can  markedly 
reduce  the  incidence  of  primary  and  secondary  syphilis  The  use 
of  procaine  penicillin  in  the  ambulant  treatment  of  syphilis  is 
described  by  Scott  (1949) ;  600,000  units  were  given  twice  weekly 

“thfVev  ?  “  la‘f  °r  ten  weeks  and  the  anthor  concludes  that 
the  ambulant  treatment  of  syphilis  appears  to  be  more  successful 

than  with  arsemca  bismuth  regimens  of  comparable  duration  ” 
It  seems  possible  that  the  search  for  a  therapia  mugna  sterns, 
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initiated  by  Ehrlich  and  so  long  sought  for  in  this  disease,  is  being 
achieved  by  the  use  of  this  penicillin  preparation. 

Combination  with  Vasoconstrictor.  Another  method  which  has 
been  used  to  delay  the  absorption  of  penicillin  is  to  combine  it 
with  a  vasoconstrictor  substance,  such  as  adrenaline  or  cphedrine. 
For  example,  Ercoli  et  al.  (1948)  have  found  that  the  addition  of 


Fig.  14 

Showing  the  serum  levels  of  penicillin  produced  by  the 
administration  of  300,000  units  of  penicillin  in  ditlerent 

preparations. 

x _ x  In  saline  (after  Ercoli  et  al.,  1948). 

n  n  Procaine  penicillin  in  oil. 

°  Shocalne  penicUin  in  nil  with  alummmm 

monostearate  (after  Thomas  et  at.,  1948). 
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0.3  mg.  of  adrenaline  to  penicillin  in  saline  and  peanut  oil  doubles 
the  period  during  which  a  chemotherapeutic  concentration  is 
maintained  in  the  blood.  A  single  dose  of  such  a  preparation  has 
been  successfully  used  in  the  treatment  of  gonorrhoea  (Cohn  and 
Kornblith,  1948).  A  preparation  of  penicillin  II  containing  both 
ephedrine  and  adrenaline  in  gelatine  dextrose  has  been  developed 
by  Loewe  et  al.  (1947).  Apart  from  its  prolonged  effect  this 
preparation  has  the  advantage  that  it  is  stable  at  room  temperature 
for  more  than  a  year.  Grunberg  et  al.  (1949)  have  made  a  com¬ 
pound  of  penicillin  II  and  1-ephedrine  which  exerts  quantitatively 
the  antibacterial  action  of  penicillin  and  the  vasoconstrictor 
properties  of  ephedrine. 

Penicillin  Esters.  The  effectiveness  and  duration  of  action  of 
steroids  can  be  greatly  increased  by  using  esters  (e.g.  oestradiol 
benzoate,  testosterone  propionate)  from  which  the  hormone  is 
slowly  released  producing  an  even  and  prolonged  effect.  A  similar 
method  has  been  tried  with  penicillin  and  various  esters  have  been 
made,  including  the  methyl,  ethyl,  n-butyl  and  benzhydryl 
compounds  (Meyer  et  al.,  1943).  Experimental  work  on  animals 
suggested  that  such  esters  were  highly  effective  and  could,  more¬ 
over,  be  given  orally  since  they  were  not  destroyed  in  the  stomach. 
Later  work  has  shown,  however,  that  the  enzyme  (esterase) 
necessary  to  decompose  the  ester,  and  thus  liberate  the  penicillin 
from  its  combination,  is  not  present  in  man  :  penicillin  esters  are 
thus  unlikely  to  be  of  clinical  value  either  by  the  systemic  or  oral 
route  (Ungar,  1947). 

Carinamide  (Caronamide) 

1  he  prolonged  maintenance  of  effective  penicillin  concentrations 
in  blood  has  also  been  achieved  by  the  simultaneous  administra¬ 
tion  of  a  substance  (carinamide)  which  interferes  with  the  excretion 
ol  penicillin  by  the  kidneys.  Janowitz  et  al.  (1948)  have  shown 
that  the  high  blood  penicillin  levels  so  attained  lead  to  increased 
diffusion  through  the  blood-brain  barrier,  and  hence  to  the 
production  and  maintenance  of  high  penicillin  concentrations  in 
the  cerebrospinal  fluid.  The  mode  of  action  of  carinamide  is 
discussed  in  Chap.  15,  and  a  method  for  estimating  it  colori- 

®0t™allyl.in  body  fluids  is  described  by  Ziegler  and  Sprague 
(1948).  Boger  et  al.  (1948)  have  investigated  the  relation  of 
carinamide  dosage  to  plasma  concentration  and  effect  on  penicillin 
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excretion.  It  has  been  suggested  that  the  dosage  of  carinamide 
should  be  so  adjusted  as  to  give  a  blood  level  of  15  mg.  per  100  ml. 
and  this  can  usually  be  achieved  by  giving  3  G.  every  3  hours  orally. 
Experimentally  it  has  been  found  that  the  effectiveness  of  penicil¬ 
lin  in  the  treatment  of  pneumococcal  and  E.  Typhosa  infections 
in  mice  is  greatly  increased  by  the  simultaneous  administration 
of  carinamide  (Verwey  and  Miller,  1947).  The  value  of  carinamide 
has  also  been  demonstrated  clinically.  For  example,  Boger  et  al. 
(1947)  successfully  treated  a  case  of  subacute  bacterial  endocarditis 
due  to  a  strain  of  streptococcus  viridans,  with  a  combination  of 
penicillin  and  carinamide  and  demonstrated  the  marked  elevation 
in  the  blood  penicillin  levels  brought  about  by  combining  both 
these  drugs.  Similar  results  have  been  obtained  by  Stuart-Harris 
et  al.  (1949). 

Oral  Administration  of  Penicillin 

It  would  be  a  great  advantage  if  penicillin  could  be  given  orally 
instead  of  by  repeated  injections.  The  drug  is,  however,  rather 
unstable  and  some  of  it  is  destroyed  by  the  acid  in  the  stomach, 
and  in  the  intestine.  When  penicillin  was  first  used  orally  it  vas 


combined  with  various  antacids  in  order  to  prevent  its  destruction 
in  the  stomach.  It  was  then  found,  however,  that  even  with  these 
precautions  much  of  the  penicillin  was  lost,  and  realized  that  the 
absorption  of  penicillin  from  the  intestine  is  rather  poor  and 
irregular.  There  is  no  evidence  that  any  of  the  types  I,  II,  HI  and 
IV  is  better  absorbed  than  another.  The  best  absorption  occurs 
whpn  thp  drinr  is  given  on  an  empty  stomach  (Stewart  and  May, 


emphasize  the  importance  of 
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the  period  of  treatment.  Tablets  of  penicillin  have  been  very 
successfully  used  in  the  prophylaxis  of  gonorrhoea.  With  a  sing  e 
dose  of  250.000  units  the  occurrence  of  the  disease  in  men  exposed 
to  infection  was  almost  completely  prevented  (Eagle  et  al,  194-9). 
Oral  penicillin  is,  of  course,  of  particular  value  in  infants,  as  an 


HOURS. 

Fig.  15 

Showing  the  effect  of  carinamide  on  the  plasma  level  of  penicillin  given 

orally  (100,000  units). 

Control  1  and  control  2  :  Separate  curves  for  penicillin  alone. 

Drug  1.  0.5  gram  carinamide  given  orally  1  hour  before  penicillin 
administration. 

Drug  2.  1  gram  carinamide  given  orally  1  hour  before  penicillin 
administration. 

(After  Rapoport  et  al.,  1948.) 

addition  to  the  feeds,  and  in  young  children  (Suchet-Kaye  and 
Latter,  1947  ;  Cohlan  et  al,  1948).  Simultaneous  administration 
ol  oral  penicillin  with  carinamide  markedly  increases  the  resulting 
blood  concentrations  as  is  shown  in  Fig.  15  (Rapoport  et  al, 

1948).  This  method  of  administration  will  no  doubt  be  further 
investigated  clinically. 
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Mode  of  Action 

This  is  discussed  by  Pratt  and  Dufrenoy  (1948).  Penicillin  can 
produce  bacteriostatic,  bactericidal  or  bacteriolytic  actions  but 
the  mechanism  by  which  these  effects  are  produced  has  by  no 
means  been  elucidated.  It  is  generally  accepted,  however,  that 
the  mechanism  is  a  different  one  from  that  by  which  sulphonamides 
produce  their  bacteriostatic  action,  which  is  discussed  in  Chap.  15. 
The  action  of  penicillin,  unlike  that  of  the  sulphonamides,  is  not 
greatly  affected  by  the  presence  of  pus  or  of  organic  matter  and 
this  is  indeed  one  of  the  great  advantages  of  the  drug.  It  has  been 
shown  by  Chain  and  Duthie  (1945)  that  very  small  concentrations 
of  penicillin  markedly  inhibit  and  ultimately  stop  the  oxygen 
uptake  of  staphylococci  during  the  stages  of  multiplication  of  the 
organisms,  while  no  such  effect  is  seen  during  the  “resting  phase." 
Penicillin  thus  appears  to  interfere  with  the  metabolic  functions 
of  micro-organisms,  at  least  during  the  early  stages  of  development. 
Studies  with  the  electron  microscope  show  that,  under  the  influence 
of  penicillin,  numerous  diplococcal  and  tetrad  forms  can  be  seen 
immediately  before  the  division  of  haemolytic  streptococci  (Holzer, 
1947),  showing  that  normal  and  full  bacterial  division  does  not 
occur.  Preliminary  investigations  with  penicillin  labelled  with 
radioactive  sulphur  suggested  that  organisms  immersed  in 
solutions  of  the  drug  did  not  absorb  any  appreciable  amount  of 
it  (Rowley  et  al,  1948),  but  later  investigations  have  shown  that 
penicillin  is  taken  up  and  is  indeed  strongly  and  irreversibly 
attached  to  the  organisms.  There  is  also  some  evidence  that 
sensitive  organisms  take  up  more  of  the  drug  than  resistant 
strains  (Cooper  and  Rowley,  1949).  Pasynskii  and  Kastorskaya 
(1947)  have  shown  that  a  single  bacterial  cell  of  staphylococcus 
aureus  adsorbs  1,000  molecules  of  penicillin.  This  is  of  the  same 
order  as  the  amount  of  sulphonamide  adsorbed  by  bacteria. 

One  of  the  earliest  effects  of  penicillin  on  staphylococcus  aureus 
appears  to  be  the  blocking  of  the  absorption  of  an  essential 
metabolite,  glutamic  acid  (Gale,  1947;  Gale  and  laylor,  1947). 
This  occurs  only  during  the  period  ol  growth,  and  not  m  resting 
cells.  The  effect  is  particularly  interesting,  since  glutamic  acid  is  a 
component  of  glutathione,  which  plays  such  an  smportaii  _  pai  ■ 
in  cell  metabolism  by  virtue  of  its  sulphydryl  (-SII)  gioup.  ‘ 

Dufrenoy  (1948)  believe  that  penicillin  has  an  important  actio, 
by  promoting  dehydrogenation  of  -SII  groups  to  S-S,  and  produo 
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this  effect  more  rapidly  than  the  organism  can  restore  the  active 
sulphydryl  group:  the  organism  is  thus  put  into* a  state  of 
dehydrogenation  which  interferes  with  its  metabolism  and  is 
ultimately  lethal.  According  to  this  view,  therefore,  penicillin 
produces  its  effect  by  interfering  with  the  transfer  of  hydrogen  in 
the  cell. 

It  is  possible,  however,  that  other  enzyme  systems  may  also  be 
affected.  It  has  been  shown  that  the  bacteriostatic  action  of 
penicillin  is  antagonized  by  nucleic  acid  (Pandalai  and  George, 
1947)  and  it  is  possible  that  the  drug  produces  its  effect  by  inter¬ 
fering  with  phosphorylation  mechanisms  which  are  also  funda¬ 
mental  to  the  life  of  the  cell.  This  would  explain  why  the  supply 
of  suitable  phosphorylated  compounds,  such  as  nucleic  acid, 
interferes  with  the  action  of  penicillin. 

Other  effects  of  penicillin  which  have  been  described  are  an 
inhibition  of  the  dephosphorylation  of  nucleotides  (Gros  and 
Macheboeuf,  1948)  and  an  inhibition  of  the  oxidation  of  nucleic 
acid  (Krampitz  and  Werkman,  1947).  The  data  of  Mitchell  (1949) 
are  also  consistent  with  the  view  that  penicillin  reacts  initially  with 
components  of  the  bacterial  cell  involved  in  nucleotide  dis¬ 
similation. 


Streptomycin 


This  was  discovered  in  1944  in  America  by  Waksman  and  his 
colleagues  in  a  systematic  search  of  soil  micro-organisms  for 
substances  suitable  tor  clinical  application.  It  is  produced  in  fluid 
cultures  by  an  organism,  Streptomyces  griseus ,  which  belongs  to 
a  group  of  Actinomyces  having  the  general  name,  Streptomyces. 
It  is  interesting  that  W  aksman  actually  isolated  this  organism 
from  the  soil  as  long  ago  as  1919.  Streptomycin  is  effective  against 
gram  negative  organisms  but  its  main  interest  lies  in  the  fact  that 
it  produces  an  action  on  M.  tuberculosis. 


Chemistry 

Streptomycin  is  an  organic  nitrogenous  base  and  its  chemical 
constitution  has  been  determined  by  Folkers  and  his  co-workers 

i'hvdrn  f't  a  remarkable  Pi«*  of  work.  It  consists  of 

a  hydroxylated  base,  streptidine,  attached  through  a  glyeosidic 

!rskhX„t°onapN-irainin8  diSa"-'ik<=  Tb?  Lnula 
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NH 
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Streptidine 


Streptomycin 


It  seems  likely  that  there  are  several  other  substances  closely 
related  in  chemical  constitution  to  streptomycin,  and  one  of  these, 
called  streptomycin  B,  has  been  isolated  in  a  pure  form  by  Fried 
and  Titus  (1947).  Some  of  its  biological  properties  have  been 
investigated  by  Rake  et  al.  (1947).  They  found  that  its  toxicity  is 
about  the  same  as  that  of  streptomycin,  but  that,  weight  for  weight, 
it  is  about  one  third  as  active  as  streptomycin  in  experimental 
tuberculous  infections  in  mice.  The  nomenclature  of  streptomycin 
preparations  is  discussed  by  Waksman  (1948).  By  the  use  of  paper 
partition  chromatography  Winston  and  Eigen  (1948)  have  shown 
that  there  are  at  least  five  components  in  the  streptomycin 


By  the  catalytic  hydrogenation  of  streptomycin,  probably  at 
the 'carbonyl  group,  Peck  et  al  (1940)  have  made  d, Injdro- 
streptomycin  which  has  properties  very  similar  to  streptomycin 
but  appears  to  be  less  toxic  (see  several  papers  m  Amu.  Ree. 
Tuben  1948,  58.  479-530).  Both  the  sulphate  and  hydrochloi  ide 
of  dThydro-sireptomycin  have  been  obtained  crystalline  form 
(Solomons  and  Regna,  1949;  Wolf  et  al.  1949).  In  a s tudy  b> 
Hobson  et  al.  (1948),  vestibular  damage  appeared  latei  and 
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uniformly  with  5  grams  of  dihydrostreptomycin  daily  than  in 
patients  treated  with  3  grams  of  streptomycin  daily.  Another 
advantage  of  the  new  compound  is  that  it  is  well  tolerated  by 
subjects  in  whom  allergic  reactions  are  produced  by  streptomycin. 
The  hydrogenated  compound  is,  however,  ineffective  against 
tubercle  bacilli  which  have  become  resistant  to  the  parent  com¬ 
pound.  The  irritation  produced  by  dihydrostreptomycin  at  the 
site  of  injection  is  appreciably  more  severe  than  that  produced  by 
streptomycin  and  it  is  not  advisable  to  use  the  new  drug  intra- 
thecally  for  the  treatment  of  meningitis  (Hinshaw  et  al.,  1948). 

More  recently  still  Waksman  and  Leehevalier  (1949)  have 
isolated  a  substance,  called  neomycin ,  from  another  strain  of 
streptomyces  (streptomyces  fradise).  Its  activity  is  probably  due 
to  more  than  one  chemical  entity  and  it  may  thus  be  defined  as  a 
“neomycin-complex.”  One  of  the  active  substances,  designated  as 
neomycin  A,  has  been  isolated  in  a  crystalline  form  as  a  sulphonic 
acid  salt  (Peck  et  al.,  1949).  Neomycin  is  active  against  strepto¬ 
mycin  resistant  tubercle  bacilli,  and  resistance  of  tubercle  bacilli 
to  neomycin  develops  less  rapidly  than  to  streptomycin  (Waksman 
et  al.,  1949).  Neomycin  may  thus  prove  to  be  of  great  value  in  the 
treatment  of  tuberculosis. 

The  unit  of  streptomycin  has  been  defined  as  the  activity  of 
1  yg.  of  pure  streptomycin  base.  There  is  also  a  working  standard 
with  an  activity  of  400  units  per  mg.  Experimental  lots  have  been 
prepared  which  have  a  potency  of  900  units  per  mg.  Streptomycin 
is  freely  soluble  in  water  but  not  in  organic  solvents  and  is  much 
more  stable  than  penicillin.  Solutions  kept  in  the  refrigerator 
deteriorate  only  slowly,  and  even  at  room  temperature  they  may 
be  kept  tor  several  days  without  loss  of  potency. 

Absorption  and  Fate 

Streptomycin  is  poorly  absorbed  from  the  intestine,  though  un¬ 
like  penicillin  it  is  not  inactivated  in  the  gut ;  it  must  thus  be 
administered  by  injection,  usually  intramuscular.  It  can,  however, 
also  be  applied  locally.  After  injection  it  is  distributed  through¬ 
out  the  extracellular  fluids  and  rapidly  excreted,  the  rate  of 
excretion  varying  in  different  species.  Marshall  (1948)  investigated 
the  fate  of  the  drug  in  man,  using  a  sensitive  chemical  method  for 
the  determinations,  as  described  by  Marshall  et  al.  (1947).  He 
found  that  after  intramuscular  injection  of  20  mg.  per  kg.,  the 
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maximum  blood  concentration  is  reached  in  1-2  hours  and  then 
falls  rather  rapidly  (see  Fig.  16). 

According  to  the  data  of  Boxer  et  al.  (1948)  the  concentration 
ol  streptomycin  produced  in  the  blood  is  proportional  to  the  dose 
per  kilogram  of  body  weight,  within  a  definite  range  of  dosage, 
f  rom  the  results  obtained,  it  is  possible  to  calculate  with  reason¬ 
able  accuracy  the  serum  concentrations  of  the  drug  in  man  after 
intramuscular  injection  of  streptomycin  in  doses  ranging  from 
4,000  to  20,000  jug./kg.  Much  of  the  drug  is  excreted  in  the  urine, 


Fig.  16 

Showing  the  plasma  levels  of  strepto¬ 
mycin  following  its  intravenous  and 
intramuscular  administration  in  man 
(20  mg./Kg.).  (After  Marshall,  1948.) 

_ Intravenous  injection. 

X - X  Intramuscular  injection. 


but  this  varies  in  different  subjects  and  in  some  cases  a  considerable 
amount  of  the  dose  given  is  not  accounted  for  by  urinary  excretions 
In  tlogs  most  of  the  drug  is  excreted  by  the  kidneys.  Its  excretion 
appears  to  be  essentially  by  glomerular  filtration.  The  drug  is 
also  concentrated  and  excreted  by  the  liver  into  the  bile,  and  can 
pass  through  the  placental  barrier  into  the  foetal  circulation 
Zintel  et  al,  1945),  though  the  concentration  in  the  cord  blood 
and  amniotic  fluid  is  generally  less  than  half  that  found  in  the 
maternal  blood  (Woltz  and  Wiley,  1945). 
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When  streptomycin  is  given  intramuscularly  very  little  diffuses 
into  the  cerebrospinal  fluid  unless  very  large  doses  are  given. 
In  acute  meningitis,  however,  much  greater  diffusion  occurs  and 
effective  chemotherapeutic  concentrations  can  be  produced  with 
the  usual  therapeutic  doses  (Zintel  et  al.,  1945).  Even  then  the 
concentration  is  less  than  half  that  found  in  the  blood  serum 
(Adcock  and  Hettig,  1946).  The  drug  does  not  readily  penetrate 
into  the  ocular  fluids  and  very  large  doses  have  to  be  given  to 
produce  chemotherapeutic  concentrations  in  the  anterior  chamber 
of  the  eye  (Leopold  and  Nichols,  1946).  Streptomycin  penetrates 
into  tissues  when  applied  locally,  but  its  penetration  into  the 
cornea  is  poor  ;  this  can,  however,  be  improved  by  the  use  of  a 
wetting  agent  (Bellows  and  Farmer,  1947). 

Streptomycin  can  safely  be  given  intrathecally  and  is  then 
retained  in  the  cerebrospinal  fluid  for  periods  up  to  30  hours. 
During  the  first  few  hours  very  high  concentrations  are  present, 
and,  even  after  24  hours,  20  or  more  units  per  ml.  have  been  found 
in  the  cerebrospinal  fluid  following  the  injection  of  20  mg.  of  the 
drug  (Kolmer,  1947  ;  Medical  Research  Council,  1948). 


Toxicity 

Streptomycin  is  a  substance  with  a  definite  toxicity  which, 
as  will  be  seen  later,  limits  the  doses,  even  of  pure  material,  that 
can  be  used  clinically.  The  toxicity  and  actions  in  animals  of 
streptomycin  preparations  of  various  degrees  of  purity  have  been 
investigated  by  Molitor  et  al  (1946).  They  found  great  varia- 
mns  in  the  toxicity  of  different  preparations.  Pure  streptomycin 
had  a  L.D.50  m  mice  of  about  1.2  G./kg.  when  given  subcutaneously. 
Animals  showed  respiratory  distress  and  ultimately  died  of  res- 

varvTn  dPTe^'t  ^  effects  Produced  b>'  chronic  administration 
vary  m  different  species.  For  example,  monkeys  exhibit  some 

impairment  of  renal  and  hepatic  function  while  dogs  show  n 
addition,  cerebellar  and  labyrinthine  disturbances. 

mpure  preparations  produce  a  histamine-like  fall  in  blood 
pressure  m  eats,  and  a  temporary  antidiuretic  effect  in  at  These 

effects  are  not  seen  with  pure  preparations. 


Activity  In  Vitro 
Streptomycin  is  effective 
notably  M.  tuberculosis,  and 


against  certain  acid  fast  bacilli 
against  gram  negative  and  gram 
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positive  organisms.  It  is  usually  less  active  than  penicillin  against 
gram  positive  organisms,  so  that  its  main  use  is  in  certain  types 
of  tuberculosis  and  in  infections  with  some  gram  negative 
organisms. 

The  gram  negative  organisms  which  are  susceptible  include 
B.  coli,  S.  typhi,  Br.  tularensis,  B.  friedlanderi,  Brucella  abortus, 
H.  influenza?,  Proteus  vulgaris,  S.  paratyphi  B.,  N.  gonorrhoea, 
H.  pertussis,  Past,  pestis  and  Ps.  aeruginosa ;  and  the  gram 
positive  organisms  include  staphylococci,  haemolytic  streptococci, 
actinomycetes  and  some  spore  forming  aerobes.  The  anaerobes, 
such  as  Cl.  tetani  and  Cl.  Welchii,  are  highly  resistant  to  the  drug. 
The  susceptibilities  of  a  number  of  organisms  are  given  in  Table  3. 
The  chemotherapeutic  concentration  that  can  be  maintained  in 
the  body  fluids  of  man  is  of  the  order  of  5  fig.  per  ml. 

The  activity  of  streptomycin  is  decreased  in  an  acid  medium 
and  the  drug  may  therefore  be  less  effective  in  conditions  where 
there  is  tissue  damage  which  may  produce  an  acid  reaction 
(Abraham  and  Duthie,  1946). 


Activity  in  Experimental  Infections 

The  most  extensive  and  important  experiments  have  been 
carried  out  in  animals  infected  with  tuberculosis.  The  thera¬ 
peutic  value  of  the  drug  can  be  clearly  demonstrated  in  mfecte 
guinea  pigs.  If  the  treatment  is  started  even  several  weeks  after 
inoculation  it  will  greatly  lengthen  the  life  of  the  animals.  On 
nost  mortem  examination  such  animals  may  show  no  macroscopic 
Te™n  microscopic  signs  of  infection;  lesions  may  be  present 
but  they  are  usually  inactive  and  characterized  by  fibrosis  and 
calcification  (Feldman  el  al,  1945).  An  effect  can  be  demons  rated 
within  three  weeks  of  the  beginning  of  treatment.  The  value  oi 
rtfeptomycin  can  also  be  demonstrated  in  animals  (mice  and 
guinea  pigs)  inoculated  intravenously,  even  with  large  dos 
organisms  Feldman  and  Hinshaw  (1948)  emphasize  the  formid 
able  character  of  such  a  widely  disseminated  infection,  and  sugg 

Th  future  new  substances  should  be  tested  in  animals  m 

“S^t^fof  antituberculous  drugs  in  animals  are 
reviewed  by  Raleigh  and  Youmans  (1948). 
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In  spite  of  these  very  striking  actions,  however,  streptomycin 
does  not  usually  kill  off  all  the  organisms  in  the  treated  animals. 
Even  after  many  months  of  treatment  and  in  the  absence  of  any 
signs  of  infection,  the  presence  of  fully  virulent  tubercle  bacilli  can 
be  demonstrated  in  the  guinea  pigs  by  suitable  methods  (Feldman 
and  Hinshaw,  1948).  This  has  also  been  clearly  demonstrated  in 
experimental  corneal  infections  in  the  rabbit  :  by  treatment  with 
streptomycin  such  lesions  will  heal,  but,  on  section  of  the  cornea, 
tubercle  bacilli  can  still  be  found  in  the  lesion  (Gardiner  et  al., 


Table  3 

Anti-bacterial  Activity  of  Streptomycin. 


Gram-positive 

Gram-negative 

Organisms 

Mierogram 
per  ml.* 

Organisms 

Microgram 
per  ml.* 

A.  bovis 

3.75 

Bact.  aerogenes 

0.5  -  2.5 

B.  anthracis. 

0.375 

B.  mallei 

10.0  _>  10.0 

B.  megatherium 

0.25-  3.0 

Br.  abortus 

0.5  -  3.75 

B.  mesenterieus 

1.67 

Br.  melitensis 

0.5 

B.  mycoides 

0.1  -  3.8 

Br.  suis 

0.5 

B.  subtilis 

0.12  -  1.0 

S.  typhi 

1.0  -  37.5 

Cl.  butyricum 

8.34 

B.  coli  communis 

0.3  -  3.75 

Cl.  welchii 

>104.0 

B.  coli  communior 

1.0  -  4.0 

Cl.  septicum 

> 105.0 

H.  influenzae 

1 . 56  —  5.0 

Cl.  sordelli 

>105.0 

H.  pertussis 

1.25  -  3.0 

Cl.  tetani 

> 104.0 

B.  friedlanderi 

0 . 625-  8 . 0 

C.  diphtheria* 

0.375-  3.75 

B.  ozana 

0.375-  1.5 

Str.  pneumonia* 

8.0 

N.  gonorrhea 

5.0 

Myco.  tuberculosis 
(hominis) 

0.15 

N.  meningitidis. 

5.0 

Staph,  aureus 

Str.  fa*calis 

Str.  hamolyticus 

0.5-  >16.0 
50.0 

2.0-  >16.0 

Past,  lepiseptica 
Past  pestis 

Br.  tularensis 

0.5  -  2.5 

0.75  -  1.5 

0.15  ()  3 

Str.  lactis 

4.0 

Proteus  vulgaris 

0.4  3.0 

Str.  salivarius 

Str.  viridans 

5.0  -25.0 
>16.0 

Ps.  aeruginosa 

S.  typhi-nnirium 

2.5  -  25.0 
4.0  -  10.0 

S.  enteritidis 

0.5 

S.  paratyphi  B. 

2.0 

Chr.  prodigiosum 

1  .0 

Slug,  flexneri 

0 . 25  -  3.75 

V.  cholera 

6.0  _  37.5 

medTfoT ZSSS? ‘JtlX"18  ot  stwp'omycin  per  ml.  of  suitable  culture 
oacu riostat ic  activity  ;  one  microgram  (0.001  nwl  enuivileni 

one  unit.  (From  Waksman  and  Schatz,  19450 
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1949).  The  effectiveness  of  streptomycin  may  be  enhanced  by 
combining  with  it  a  drug,  such  as  potassium  iodide,  which  makes 
the  bacteria  more  accessible  to  the  chemotherapeutic  agent 
(Woody  and  Avery,  1948). 

The  value  of  streptomycin  in  certain  other  infections,  and 
notably  those  with  gram  negative  organisms,  can  also  be  shown 
experimentally.  For  example,  Heilman  (1944)  found  that  mice 
inoculated  with  Past,  tularensis  and  treated  with  streptomycin 
for  ten  days  all  survived,  while  all  the  control  animals  died, 
v Robinson  et  al.  (1944)  were  able  to  save  a  large  percentage  of  mice 
inoculated  with  a  lethal  strain  of  S.  schottmulleri  by  a  single 
intravenous  or  subcutaneous  dose  ol  the  drug  given  immediately 
after  the  inoculation.  The  striking  value  of  the  drug  in  experi¬ 
mental  pneumonic  and  bubonic  plague  in  mice  has  also  been 
demonstrated  (Quan  et  al.,  1947). 


Clinical  Applications 

The  main  use  of  streptomycin  has  been  in  the  treatment  of 
certain  forms  of  tuberculosis  (see  Official  Memorandum,  1949), 
and  of  some  infections  with  gram  negative  organisms,  i.e.  mainly 
those  conditions  in  which  penicillin  or  sulphonamides  are  ot  little 
or  no  value.  Unfortunately  the  drug  is  by  no  means  always 
effective  :  this  is  frequently  due  to  the  presence  in  the  lesions  of 
naturally  resistant  strains  of  a  particular  organism,  or  to  the  rapid 
development  of  resistance  by  the  organisms  during  the  course  of 

the  treatment. 


Dosage  and  Methods  of  Administration 

Unlike  penicillin,  streptomycin  can  produce  serious  toxic  effect 
and  hence  the  dose  should  he  restricted  to  the  minimum  which 
will  be  therapeutically  effective.  It  lias,  indeed  been  strikingly 
shown  that  an  increase  in  the  daily  dose  beyond  a  certain  k  \ 
markedly  raises  the  incidence  of  toxic  effects  (Madigan  et  al, 
i.,471  The  drug  is  not  well  absorbed  when  given  orally  and  the 
ntramuscular  rite  is  usually  the  method  of  ehmee  As  a  ru 

*1-  iW  penicillin 

(Loewe  and  A.fure-Werber,  .947) 

ill,  toxic  effects, 
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and  it  seems  likely  that  such  higher  doses  will  be  used,  when 
necessary,  as  the  purer  preparations  become  available.  In  the 
treatment  of  pulmonary  tuberculosis,  doses  ot  1  gram  per  day  ha\  e 
frequently  been  used. 

The  drug  can  also  be  given  intrathecally  in  doses  up  to  0 . 1 
gram  per  day.  Larger  amounts  may  be  well  tolerated  but  can 
produce  severe  toxic  effects  and  should  therefore  not  be  given. 
(Farrington  et  al.,  1947).  Local  injections  have  also  been  given 
for  infections  in  the  thorax  and  in  the  abdomen. 

Topical  applications  of  streptomycin,  in  solutions  or  in  ointment, 
may  be  used  in  the  treatment  of  wounds  and  burns,  and  solutions 
may  be  used  for  irrigating  cavities  such  as  the  bladder  in  cases  of 
cystitis.  Solutions  or  ointments  can  also  be  used  for  the  treatment 
of  infections  of  the  conjunctival  sac  and  in  the  anterior  part  of  the 
eye.  Streptomycin  can  safely  be  applied  in  concentrations  of  10  mg. 
per  ml.,  even  in  the  conjunctival  sac  (Bellows  and  Farmer,  1947). 


Toxic  Effects 

These  have  become  less  as  purer  preparations  have  become 
available.  Farrington  ct  al.  (1947)  have  used  material  of  at  least  95 
per  cent  purity  over  long  periods,  probably  the  purest  streptomycin 
so  far  employed  in  a  thorough  clinical  trial,  and  reference  to  their 
results  will  therefore  be  made  frequently. 

lour  types  of  toxic  reactions  have  been  observed  with  strepto¬ 
mycin  namely,  (1)  A  histamine-like  effect,  characterized  by 
flushing,  headache  and  an  abrupt  fall  in  blood  pressure.  (2)  Various 
allergic  reactions,  which  arc  not  usually  serious.  Farrington  et  al. 
found  it  necessary  to  interrupt  treatment  in  only  two  out  of  31 
cases  because  of  the  development  of  allergic  reactions,  and  in  both 
of  these  it  was  eventually  found  possible  to  resume  the  treatment. 
The  reactions  consisted  of  an  itching  maculopapular  eruption  over 
the  trunk  and  extremities  ;  a  rise  in  temperature  and  nausea  and 
vomiting;  and  leucopenia.  These  investigators  also  observed 
that  many  of  their  cases  developed  an  eosinophilia,  but  the 
significance  of  this  effect  is  not  yet  clear.  (3)  Neurological 
disturbances  involving  vestibular  dysfunction  and  occasionally 
producing  deafness.  (4)  Renal  irritation  manifested  by  cylindruria 
v 'occasionally  accompanied  by  impairment  of  renal  function. 

rffY  Jv  116  .exceptulon  of  thc  histamine-like  reactions,  all  these 
ects  ha\  e  been  obtained  with  pure  preparations  of  the  drug  and 


158 


BA  CTERIA  L  CHEMOTHERAP  Y 


are  in  all  probability  actually  due  to  streptomycin  itself  (Far¬ 
rington  et  al.,  1947).  The  histamine-like  reactions  are  probably 
due  to  impurities.  Streptomycin  may  produce  irritation  at  the 
site  of  injection,  but  this  is  considerably  less  with  purified  prepara¬ 
tions  than  with  the  crude  drug. 

The  symptoms  of  vestibular  dysfunction,  e.g.  vertigo,  appear  on 
about  the  ‘21st  day  after  the  beginning  of  treatment,  but  complete 
recovery  occurred  in  both  cases  observed  by  Farrington  et  al.  This 
is  probably  due  to  compensatory  mechanisms  rather  than  to  the 
restoration  of  labyrinthine  function.  Recovery  is,  however,  not 
always  complete  and  it  has  been  suggested  that  this  may  be 
especially  so  in  old  people  (Brown  and  Hinshaw,  1946).  All  cases 
of  deafness  in  the  series  treated  by  Farrington  et  al.  developed  in 
patients  in  whom  the  drug  was  given  intrathecally  or  in  the 
presence  of  well  defined  renal  insufficiency,  and  these  authors 
suggest  that  this  reaction  may  be  the  result  of  over-dosage.  This 
conclusion  is  also  supported  by  the  findings  of  Brown  and  Hin¬ 
shaw  (1946)  who  found  that  deafness  developed  only  in  cases 
where  the  drug  was  given  intrathecally,  or  where  the  daily  intra¬ 
muscular  dose  was  5  grams  or  more.  Fowler  and  Seligman 
(1947)  have  made  special  examinations  of  auditory  and  vestibular 
functions  in  patients  treated  with  streptomycin,  and  find  that 
slight  auditory  disturbances  occur  quite  frequently.  Streptomycin 
is,  of  course,  frequently  used  in  the  treatment  of  meningitis  which 
itself  may  be  responsible  for  the  deafness  which  develops  in  some 


cases. 

Renal  toxic  effects  were  seen  quite  frequently  by  Farrington  et 
al.  In  most  cases  the  excretion  of  casts  occurred  within  48  hours  ot 
the  beginning  of  therapy,  but  occasionally  it  did  not  occur  till  later. 
This  effect  was  much  more  marked  when  the  urine  was  acid,  anc 
was  slight  or  absent  when  the  urine  was  maintained  neutral  or 
slightly  alkaline,  by  the  administration  of  sodium  bicarbonate 
Renal' function  was  only  permanently  affected  m  one  out  ol  ■ 
patients.  Dihydrostreptomycin  appears  to  be  less  toxic  H 
streptomycin  to  the  vestibular  apparatus  and  can  replace  th 
latter  drug  in  patients  hypersensitive  to  it  (Amer.  Rev.  Tuberc 
1948.  58.  479-536).  It  may  become  the  drug  ol  choice  in  (axis 
which  prolonged  treatment  is  necessary.* 

•  Later  results  makes  this  rather  doubtful  (see  Minutes,  Seventh  Strep, o- 
mycin  Conference,  Veterans  Administration,  1.4.  )• 
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Meningeal  and  Miliary  Tuberculosis 

Before  the  advent  of  streptomycin,  tuberculous  meningitis  was 
invariably  fatal  and  hence  the  effects  of  the  drug  have  been 
particularly  dramatic  in  this  condition,  though  only  a  minority  ot 
patients  treated  make  a  satisfactory  recovery.  Several  investiga¬ 
tions  have  now  been  performed  and  certain  tacts  are  becoming 
clear  (Medical  Research  Council,  1948  ;  Mollaret,  1948).  Early 
diagnosis  is  of  great  importance  and  the  ultimate  results  are  much 
better  when  the  treatment  can  be  started  in  the  early  stages. 
The  combined  administration  of  the  drug  intrathecally  and  intra¬ 
muscularly  gives  better  results  than  are  obtained  by  giving  it  by 
the  intramuscular  route  alone.  And  the  results  are  definitely 
worse  in  children  under  three  years  of  age  than  in  the  older 
children.  The  patient  may  respond  well  and  yet  relapse,  sometimes 
many  months  later.  A  further  point  of  importance  is  that  when 
complete  spinal  block  develops  at  an  early  stage  of  treatment, 
streptomycin  should  be  administered  by  the  cisternal  or  ventricular 
route  instead  of  by  the  lumbar  route. 

Table  4 


Results  of  Streptomycin  Therapy  of  Tuberculous  Meningitis 


No.  of  eases  admitted 
before  August  18th, 
1947 

Condition  on  March  15,  1948 

Good  Station^  Deterior-  Dead 

or  relapsed  ating 

105 

27  (26%) 

6  (6%) 

1  (1%) 

71  (67%) 

(From  Medical  Research  Council,  1948) 


There  has  been  a  good  deal  of  discussion  as  to  how  long  the 
treatment  should  be  continued.  The  present  tendency  is  to  treat 
for  some  three  months,  but  this  does  not  prevent  a  number  of  cases 
from  relapsing,  and  some  investigators  have  given  the  drug  for 
many  more  months  ;  others  believe  a  shorter  period  of  treatment 
will  give  equally  satisfactory  results.  This  question  awaits 
further  investigation  of  the  mode  of  action  of  streptomycin,  and 

especially  of  the  development  of  resistance  bv  the  organisms 
(discussed  on  pp.  164-166). 
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In  miliary  tuberculosis  the  results  are  better  and  a  majority 
of  the  patients  treated  with  streptomycin  show  a  complete  radio¬ 
logical  clearing  of  the  pulmonary  lesions  (Council  on  Pharmacy 
and  Chemistry,  1047). 

Other  Forms  of  Tuberculosis 

Favourable  results  have  also  been  obtained  with  streptomycin 
in  other  forms  of  tuberculosis.  It  seems  clearly  of  value  in  healing 
ulcerative  or  granulomatous  lesions  of  the  tracheobronchial  tree 
or  larynx  ;  it  is  strikingly  effective  in  tuberculous  sinuses,  even 
when  these  are  multiple  and  originate  in  lesions  of  bone,  cartilage 
or  lymph  nodes  ;  it  appears  to  be  valuable  in  the  treatment  of 
tuberculosis  of  the  alimentary  tract  and  of  tuberculous  peritonitis, 
and  certainly  affords  relief  in  eases  where  these  lesions  are 
associated  with  continuing  pulmonary  infection  (Mason  et  al., 
1949).  The  oral  administration  of  the  drug  in  such  eases  deserves 
further  investigation  (Council  on  Pharmacy  and  Chemistry,  1947). 
Beneficial  effects  have  also  been  demonstrated  in  certain  forms  of 
pulmonary  tuberculosis.  The  exudative  phase  of  the  infection 
responds  most  readily,  while  fibrotic  lesions  remain  unchanged. 
In  properly  selected  cases  streptomycin,  in  conjunction  with 
collapse  therapy,  enhances  the  prospects  of  clinical  arrest  of  the 
disease.  It  also  affords  protection  against  spread  of  infection  post- 
operatively  following  thoracoplasty  (Streptomycin  Committee, 
1947;  Pulaski  and  Seeley,  1948;  Council  on  Pharmacy  and 
Chemistry,  1948).  A  daily  dosage  of  1  gram,  given  as  two  intra¬ 
muscular  injections  of  6.5  gram  at  12  hourly  intervals,  is 
considered  to  be  sufficient  in  pulmonary  tuberculosis  Higher 
doses,  viz.  2  grams  per  day,  have  been  used  in  trials  ot  the  drug  m  j 
patients  with  acute  progressive  bilateral  pulmonary  tu  ercu  osis, 
unsuitable  for  collapse  therapy  (Medical  Research  Council  1918h 
This  was  a  carefully  controlled  experiment  and  the  «su'ts  sh 
that  the  treatment  was  of  benefit,  espec.ally  m  patients  c  mca U> 
acutely  ill  on  admission.  Improvement  was  greatest  m  t 
three  months  after  which  many  of  the  cases  began  to  deteriorate. 
This  was  probably  due  to  the  development  of  streptomj 
resistance  which  was  clearly  demonstrated  in  a  number  of  ca  • 
O,;;  vear  after  the  beginning  of  treatment  there  was  stil I  char 
evidence  of  the  value  of  the  treatment,  as  s  .own i  by  t he  e  ^ 
given  in  Table  5.  The  difference  in  mortality  bet 
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groups  is  statistically  significant  (see  Chap.  17).  The  development 
of  resistance  in  relation  to  response  to  treatment  is  discussed  by 
Crofton  and  Mitchison  (1948).  A  remarkable  subsequent  finding 
is  that  there  exists  a  striking  correlation  between  the  incidence  of 
resistant  tubercle  bacilli  and  the  presence  of  caseation  and  cavita¬ 
tion  in  patients  treated  with  streptomycin.  For  example  Howlett 
et  al.  (1949)  found  strains  uninhibited  by  10  /xg.  of  streptomycin 
per  ml.  of  culture  medium  in  33  (59  per  cent)  out  of  56  patients 
with  frank  caseation  or  cavitation,  and  no  such  resistant  strains 
in  31  patients  who  had  no  frankly  caseous  or  cavernous  lesions 
prior  to  treatment.  Similar  results  have  been  obtained  by  Howard 
et  al.  (1949). 


Table  5 

Condition  of  patients  12  months  after  beginning  of  treatment  as  compared 

with  condition  on  admission. 


Group 

Total 

Improve¬ 

ment 

No  change 

Deteriora¬ 

tion 

Death 

Strepto¬ 

mycin 

55  100% 

31  56% 

4 

7% 

8  15% 

12  22% 

treated 

Control 

52  100% 

16  31  % 

5 

10% 

7  13% 

24  46% 

A  recent  preliminary  report  on  a  clinical  trial  by  the  Medical 
Research  Council  (1949)  records  a  very  important  finding.  The 
combination  of  P.A.S.  (20  grams  per  day)  with  streptomycin 
(1  gram  per  day)  in  the  treatment  of  acute  forms  of  pulmonary 
tuberculosis  reduces  considerably  the  risk  of  development  of 
streptomycin-resistant  strains  of  tubercle  bacilli  during  the  six 
months  following  the  start  of  treatment.  It  is  not  yet  known 
whether  the  same  results  are  obtainable  in  other  forms  of  tuber¬ 
culosis  amenable  to  streptomycin  therapy.  These  high  doses  of 
P.A.S.  are  not  well  tolerated  by  some  patients  and  it  remains  to 
be  seen  whether  the  same  effect  can  be  produced  with  lower 
oscs  of  P.A.S.  It  is  possible  that  the  chemical  compound  of 
P.A.S.  and  streptomycin  described  by  Hobby  et  al.  (1949)  may 
prove  even  more  satisfactory. 

Favourable  results  have  also  been  obtained  with  streptomycin 
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in  more  chronic  forms  of  indolent  pulmonary  tuberculosis  of 
limited  extent  and  severity,  which  had  not  been  arrested  by  long 
periods  of  treatment  by  conventional  means  (Howlett  and 
O  Connor,  1948).  The  drug  has  also  been  used  in  tuberculous 
bronchopneumonia  in  children  (McLaren  Todd,  1949). 

The  use  of  streptomycin  has  greatly  decreased  the  risks  of 
pulmonary  resection  for  tuberculosis,  lowering  the  mortality  from 
25  to  4.5  per  cent  and  the  occurrence  of  post-operative  empyema 
from  12  to  4  per  cent.  The  results  in  thoracoplasty  are  much  less 
striking  and  it  is  suggested  that  streptomycin  should  be  reserved 
for  the  occasional  borderline  cases  in  whom  the  disease  is  more 
widespread  and  more  exudative  in  character  than  is  usually 
considered  suitable  for  surgery  (Murphy.  1948). 

Tanner  and  his  co-w'orkers  (1948)  have  treated  tuberculous 
cavities  by  local  injection  of  streptomycin  solution.  The  site  of 
injection  is  carefully  controlled  by  X-rays.  The  dose  is  0.5  gram 
in  1  ml.  daily.  Higher  concentrations  are  irritating  and  may 
even  produce  haemorrhage.  This  treatment  is  combined  with 
systemic  administration  of  streptomycin,  and  should  be  used  only 
in  carefully  selected  cases.  Its  chief  value  is  to  prepare  the  patient 
for  subsequent  surgery. 

Good  results  have  also  been  reported  with  streptomycin  (1 
gram  per  day)  in  the  treatment  of  tuberculosis  of  bones  and  joints 
(Bickel  et  al.,  1948).  The  results  in  tuberculosis  of  the  genito¬ 
urinary  system  have  not,  so  far,  been  very  encouraging,  though 
the  drug  will  produce  temporary  improvement  in  the  general 
status  of  most  patients  and  will,  at  least  for  a  time,  clear  the  urine 
of  viable  tubercle  bacilli  (Abernethy  and  Edelbrock,  1949). 
In  combination  with  calciferol,  streptomycin  has  been  \ei\ 
effective  in  the  treatment  of  lupus  vulgaris  (Cornbleet.  1948). 


Other  Conditions 

These  are  essentially  infections  of  almost  all  kinds  due  to  many 
species  of  gram-negative  bacilli.  Streptomycin  is  highly  effective 
in  the  treatment  of  tulanemia,  a  disease  due  to  the  gram  negative 
organism,  1\  tularense.  In  the  acutely  ill  patient  the  effect  is 
most  dramatic  (Berson  and  Harwell,  1948).  The  drug  is  also 
frequently  successful  in  controlling  the  following  other  infections  : 
(1)  Meningitis,  due  to  H.  influenzae,  B.  coll,  Ps.  pyocyanea, 
Proteus,  and  Staphylococcus  pyogenes.  (2)  Septicaemia ,  due 
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B.  coli  and  Ps.  pyocyanea.  (3)  Gonorrhoea.  (4)  Urinary  tract 
infection  due  to  B.  coli.  Proteus,  Ps.  pyocyanea,  Str.  fcecalis  and 
Staphylococcus  pyogenes.  (5)  Local  sepsis  in  which  the  following 
organisms  are  involved  :  B.  coli,  Proteus,  Ps.  pyocyanea,  Staphy¬ 
lococcus  pyogenes  and  Haemolytic  streptococcus  (Wilson.  1948). 
In  local  sepsis  the  intramuscular  administration  of  the  drug  may 
be  combined  with  daily  application  of  a  saline  solution  (2  mg.  per 
ml.).  Experimental  work  on  rabbits  suggests  that  streptomycin 
might  be  of  value  in  the  treatment  of  acute  intestinal  obstruction 
bv  preventing  the  growth  of  bacteria  in  the  devascularized 
bowel  wall  (Davis  et  al.,  1948). 

It  must  be  emphasized  that  in  almost  every  type  of  infection 
the  micro-organisms  may  rapidly  become  resistant.  For  example, 
only  about  half  of  the  cases  of  urinary  tract  infections  are 
controlled  by  streptomycin,  and  in  these  the  beneficial  effect  is 
seen  very  rapidly.  Failure  is  almost  always  due  to  the  develop¬ 
ment  of  resistance  and  the  treatment  should  usually  not  be 
continued  for  more  than  a  few  days,  and  second  courses  are  useless. 
In  general,  courses  of  treatment  should  be  planned  to  exert  the 
greatest  possible  effect  from  the  beginning  and  some  3  grams  per 
day  is  usually  given  in  adults.  Owing  to  the  short  periods  of 
administration,  toxic  effects  are  unusual  and  not  serious.  In  the 
treatment  of  long  standing  urinary  infections  there  are  now  two 
drugs  which  may  be  better  than  the  sulphonamides — they  are 
streptomycin  and  mandelamine  (methenamine  mandelate) 
( British  Medical  Journal,  1948).  It  remains  to  be  seen  whether 
streptomycin  or  mandelamine  is  the  more  satisfactory.  According 
to  a  recent  report  by  Duea  and  Scudi  (1947)  mandelamine  does 
lot  readily  give  rise  to  resistant  strains,  and  this  also  applies  to 
organisms  recently  isolated  from  the  urinary  tract,  which  rapidly 
ieve  oped  resistance  to  streptomycin  and  sulphathiazole  (Scudi 
ind  Duca  1949).  The  absorption,  distribution  and  renal  excretion 
)f  mandelamine  have  been  studied  by  Scudi  and  Reinhard  (1948). 

•Streptomyc"!  also  appears  to  be  rapidly  effective  in  the  treat- 

esults  h^"V  nam  u"dani  and  Uao'  1M9>.  “<<  encouraging 

Ults  have  also  been  obtained  in  some  cases  of  actinomycosis 

nd°WoodW]^,0thp  "Tth0<1S  of  ^ment  had  failed  (Torrens 
,  949,  Pemberton  and  Hunter,  1949)  There  is 

liven"  orally  ^  Zes^up  ?„"«  7  ^tro-enUritis  when 

uoses  up  to  ().l  gram  per  pound  per  day, 
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incorporated  in  milk  (Pulaski  and  Seeley,  1948  ;  James  et  al., 
1948),  though  the  results  of  Holzel  et  al.  (1949)  have  not  been 
encouraging. 


Mode  of  Action 

It  seems  likely  that  streptomycin  has  both  bacteriostatic  and 
bactericidal  actions  (Smith  and  Waksman,  1947).  High  con¬ 
centrations  are  markedly  bactericidal  and  when  these  are  attained 
they  kill  off  organisms  very  rapidly  (Garrod,  1948).  This  effect 
is  of  importance  when  the  drug  acts  locally,  as  in  the  treatment  of 
urinary  infections  or  of  infected  wounds.  It  is  usually  accepted 
that  a  chemotherapeutic  substance  acts  only  when  its  concentra¬ 
tion  in  the  body  fluids  is  above  a  certain  level,  and  that  no  effect 
is  produced  when  no  demonstrable  amounts  of  the  substances  are 
present.  Corper  and  Cohn  (1948)  have,  however,  obtained 
evidence  which  suggests  that,  in  the  case  of  streptomycin,  the  effect 
persists  after  the  blood  concentration  falls  below  the  concentration 
to  which  the  organism  is  sensitive.  Thus  they  found  in  one 
experiment,  that  guinea  pigs  treated  for  some  ninety  days  with 
25,000  units  of  streptomycin  daily  and  then  injected  intra¬ 
venously  with  1  mg.  of  virulent  human  tubercle  bacilli  one  day 
after  discontinuance  of  treatment,  when  streptomycin  is  not 
determinable  in  the  blood,  showed  an  increase  of  29  days  in 
average  duration  of  life  as  compared  with  the  untreated  controls, 
whose  average  survival  time  was  22  days.  This  question  obviously 


requires  further  investigation. 

The  mechanism  by  which  streptomycin  produces  its  effect  is 
unknown,  but  research  on  this  subject  is  actively  proceeding  and 
there  are  a  number  of  interesting  observations.  Geiger  (1947) 
found  that  the  oxidation  of  amino  acids  by  E.  coli  is  greatly 
facilitated  by  permitting  the  cells  first  to  act  on  fumaratc  or  other 
carbon  compounds,  and  that  the  increased  ability  ol  such  1,.  coli 
cells  to  oxidize  amino  acids  is  prevented  by  streptomycin. 
According  to  Green  et  al.  (1948)  the  action  of  streptomycin  on 
some  organisms,  including  E.  coli,  is  antagonized  by  pyruvic  and 


^Geige^states  that  streptomycin  does  not  influence  the  oxygen 
untake  of  icrobic  organisms  in  the  presence  of  glucose  but  Berknia 
e  «r  i948  have  found  that  the  drug  interferes  w.th  the  carto- 
hydrate  metabolism  of  resting  bacteria.  Henry  el  al.  (quoted  by 
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Geiger)  reported  at  a  Conference  on  Antibiotic  Research  that 
streptomycin  has  no  effect  on  a  number  of  enzymes  of  staphy¬ 
lococcus  aureus,  including  cytochrome-oxidase,  catalase,  aerobic 
oxidations  and  anaerobic  fermentations  of  a  number  oi  carbon 
compounds,  dehydrogenase  systems,  carboxylase,  urease,  and 
carbonic  anhydrase,  but  produces  a  partial  inhibition  ol  the 
jerobic  oxidation  of  glycerol.  Bernheim  and  Fitzgerald  (1947) 
observed  that  streptomycin  prevents  the  oxidation  of  benzoic 
acid  by  M.  tuberculosis. 

There  is  also  evidence  that  the  effect  of  the  drug  is  concerned  with 
the  metabolism  of  nucleic  acid.  Gros  and  Macheboeuf  (1948)  have 
found  that  this  is  inhibited  by  streptomycin  at  two  stages,  viz.,  during 
the  depolymerization  of  nucleic  acids  and  during  the  liberation  of 
mononucleosides.  It  has  also  been  found  that  streptomycin,  like 
the  acridines,  forms  electro-absorption  complexes  with  yeast 
nucleoprotein  (Massart  et  al.,  1947 ;  Gros  and  Rvbek,  1948). 

Development  of  Resistance 

A  feature  of  the  action  of  streptomycin  is  that  the  organisms 
tend  to  become  resistant  to  the  drug.  This  is,  of  course,  also  seen 
with  other  chemotherapeutic  substances  like  the  sulphonamides 
and  penicillin,  but  the  effect  is  especially  marked  with  strepto¬ 
mycin,  and  may  indeed  come  on  very  rapidly,  as  is  frequently  seen 
in  the  treatment  of  urinary  infections  due  to  gram  negative 
organisms,  and  can  also  easily  be  demonstrated  in  vitro  by  repeated 
subcultures  of  organisms  in  increasing  concentrations  of  the  anti¬ 
biotic  (Miller  and  Bohnhoff,  1946).  The  resistance  so  acquired  by 
these  organisms  is  permanent  and  there  is  indeed  a  danger  that 
such  strains,  derived  from  a  case  in  which  treatment  failed,  may 
with  increasing  frequency  be  found  in  previously  untreated 
patients.  In  tuberculosis  too,  the  organisms  tend  to  become 
resistant  but  here  the  process  is  slower,  and  the  drug  resistant 
strains  cannot  usually  be  demonstrated  in  appreciable  numbers 
until  streptomycin  has  been  given  for  some  60-90  days  (Feldman 
and  Hinshaw,  1948;  Streptomycin  Committee,  1947).  This 
would  suggest  that  treatment  beyond  that  period  will  usually  not 
be  ol  much  value,  though  this  assumes  that  the  bacilli  in  the  body 
are  as  resistant  to  streptomycin  as  they  are  in  vitro,  an  assumption 
which  has  not  been  fully  proved. 

Hie  mechanism  by  which  bacteria  become  resistant  to  strepto- 
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mycin  and  other  chemotherapeutic  substances  is  unknown.  It 
may  be  that  a  mutation  occurs,  or  alternatively  that  the  more 
susceptible  cells  are  eliminated,  leaving  cells  which  possess  a 
natural  resistance.  This  second  possibility  may  well  explain  the 
development  of  resistance  to  streptomycin,  since  this  can  occur 
very  rapidly.  Berkman  et  al.  (1948)  have  shown  that  the  carbo¬ 
hydrate  metabolism  of  resistant  bacteria  is  essentially  unaffected 
by  streptomycin  whereas,  as  noted  above,  that  of  susceptible 
strains  is  inhibited  by  the  drug.  Both  susceptible  and  resistant 
strains,  however,  absorb  streptomycin  equally  at  the  cell  surface, 
so  that  the  change  which  occurs  during  the  development  of 
resistance  is  presumably  not  due  to  alterations  in  the  surface 
properties  of  the  organisms. 

Another  remarkable  observation  has  been  made  which  may 
throw  some  light  on  the  mode  of  action  of  streptomycin  and  on 
the  development  of  resistance.  If  organisms  are  grown  in  strepto¬ 
mycin.  there  develop  not  only  variants  which  are  resistant  to  the 
action  of  the  drug,  but  others  which  will  not  grow  at  all  in  the 
absence  of  the  drug,  either  in  vitro  or  in  vivo.  Indeed,  if  such 
“dependent”  strains  of  a  meningococcus  are  inoculated  in  mice, 
they  will  not  produce  any  lethal  effect  unless  streptomycin  is  also 
administered  in  adequate  doses,  when  the  mice  die  ot  a  latal 
meningococcal  sepsis.  Meningococci  recovered  from  the  heart’s 
blood  of  such  animals  grow  readily  on  cultures  made  on  strepto¬ 
mycin  containing  media,  but  not  in  duplicate  cultures  made  on 
streptomycin-free  media  (Miller  and  Bohnhoff,  194/  ;  Bake,  1948). 
It  is  possible,  as  has  been  suggested  by  Paine  and  Finland  (1948), 
that  in  sensitive  strains  streptomycin  interferes  with  some  essential 
metabolite,  presumably  related  in  chemical  structure,  whereas 
dependent  strains,  on  the  other  hand,  utilize  streptomycin  as  an 
essential  metabolite  or  growth  factor. 


Other  Drugs  Used  in  Tuberculosis 

Apart  from  streptomycin,  certain  other  substances  have  been 
tried  experimentally  and  clinically  in  the  treatment  of  tubercu¬ 
losis  •  they  are  various  sulpliones,  p-ammosahcylic  acid  ana 
semi’earbazones.  Combinations  of  these  drugs  have  also  been 
investigated.  The  results  with  sulpliones  have,  on  the  whole,  n 
been  encouraging  but  p-aminosalicylic  acid,  although  still  tl 
experimental  stage,  appears  to  deserve  further  trials. 
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Buu-Hoi  et  al.  (1949)  have  made  derivatives  of  phthalyl- 
hydrazine  and  claim  that  some  of  these,  e.g.  the  isoamyloxy-1- 
phenyl-3  phthalazone-4,  are  more  active  than  streptomycin  in 
mice  inoculated  with  a  human  strain  of  M.  tuberculosis.  Lupulon,  a 
crystalline  fat  soluble  substance  obtained  from  hops,  has  also 
shown  appreciable  activity  in  experimental  tuberculosis  in  mice 
(Chin  et  al.,  1949). 

Sulphones 

The  chemotherapeutic  activity  of  diamino di phenyl sulphone  was 
discovered  quite  early  in  the  investigations  on  sulphonamides 
by  Buttle  and  his  eo-workers  (1937),  who  demonstrated  its  value 
in  streptococcal  and  pneumococcal  infections  in  mice.  Diaminodi¬ 
phenylsulphone  is,  however,  too  toxic  for  clinical  use,*  and  various 
derivatives  have  been  made  in  order  to  decrease  its  toxicity  and,  if 
possible,  enhance  its  activity.  Following  the  report  of  Rich  and 
Follis  (1938)  that  sulphanilamide  had  some  effect  on  experimental 
tuberculous  infections  in  guinea  pigs,  Feldman  and  his  co-workers 
(1942)  tested  the  effect  of  the  didextrose  sulphonate  derivative 
of  diaminodiphenylsulphone  (promin)  and  found  that  it  prolonged 
the  life  of  guinea  pigs  infected  with  tuberculosis.  Other  sulphones 
which  have  given  interesting  results  are  diasone,  the  disodium 
formaldehyde  sulphoxylate  derivative  (Feldman  et  al.,  1943)  ; 
promizole  (diaminophenyl-thiazole  sulphone)  which  embodies  a 
thiazole  grouping  replacing  one  benzene  nucleus  in  a  diaminodi- 
phenylsulphate  type  of  structure  (Feldman  et  al.,  1944)  ;  and 
sulphetrone,  a  tetrasulphonate  derivative  of  diaminodiphenyl¬ 
sulphone  (Brownlee,  1948).  The  formulae  of  some  of  these 
compounds  are  given  below  : — 


Formulae  of  Sulphones 

H*N<I>S°a<Z>NH! 


Diaminodiphenylsulphone 

ritecu  °f  any  consequence,  and  has  successfully  used  it  in  SSS 
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hoh2c-[ho  hc]4  hchn<^  yS02\  \nh.  ch.-[choh]4-ch2oh 


SOjNa 


SOjNa 


Promin 


Na.02S.  HgC-HN  ^  ^>S02</  ^>NH.  CH2.S02  Na 


Diasone 


S— C-NH, 


N  Hj 

/\ 

I 

v-s°-yN 

H 

Promizole 

Other  sulphones  have  been  investigated  by  Youmans  and  Doub 
(1946)  and  by  Hoggarth  and  Martin  (1948).  It  has  been  clearly 
established  that  these  compounds  retard  the  progress  of  experi¬ 
mental  tuberculous  infections,  but  they  are  not  capable  of 
eliminating  the  organisms  from  animal  tissues. 

Eiseman  (1948)  has  shown  that  by  incorporating  sulphones  at 
one  end  of  a  surface  active  molecule,  a  marked  increase  in  the  in 
vitro  effect  on  the  tubercle  bacillus  can  be  obtained.  He  suggests 
that  this  is  due  to  a  concentration  of  the  drug  molecules  at  or 
beneath  the  mycobacterial  cell  boundary  and  that  this  increase 
in  tuberculostatic  activity  might  also  be  achieved  with  strepto¬ 
mycin  It  still  remains  to  be  seen  whether  this  enhancement  ot 
activity  is  obtained  when  the  drug  is  used  in  vivo. 

The  use  of  the  sulphones  in  the  treatment  ot  tuberculosis  in 
man  has  not  given  any  very  convincing  results  For  example, 
Madigan  (1948)  found  that  sulphetrone  produced  no  beneficial 
effects  in  acute  infections,  though  some  improvement  was  obtained 
„  chronic  lesions.  Other  clinical  invest.gat.ons  are  reported  by 
ir.  ,  .  _»  and  bv  Petter  and  Prenzlau  (1944).  further 

trials^may^ndicat^more^'learly  in  which  types  of  cases  these  drugs 

“The^r'some  evidence  that  sulphones  and  streptomycin 
produce  a  synergistic  action  on  tuberculosis  in  guinea  I  g 
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(Callomon  et  al.,  1946  ;  Smith  et  al.,  1947  ;  Brownlee  and  Kennedy 
1948)  and  this  seems  quite  possible  in  view  of  the  different  modes 
of  action  of  these  substances.  Such  a  combination  has  also  been 
used  clinically  by  Madigan  et  al.  (1946)  and  by  Lincoln  and 
Kirmse  (1949) ;  the  latter  authors  conclude  that  the  addition 
of  promizole  to  streptomycin  is  of  value  in  the  treatment  of  miliary 
tuberculosis  and  tuberculous  meningitis. 

The  sulphones  have  also  been  used  in  the  treatment  of  lejirosy  and 
the  results  in  this  condition  seem  definitely  encouraging  ( Lancet , 
1948).  Faget  and  Erickson  (1948)  indeed  state  that,  at  present, 
these  drugs  must  be  considered  the  optimal  treatment  of  leprosy. 
Cochrane  et  al.  (1949),  in  a  review  of  their  experience  with  various 
sulphones,  state  that  a  50  per  cent  solution  of  sulphetrone  in  water 
is  the  best  preparation  at  present  available;  the  dosage  they  suggest 
is  7  ml.  subcutaneously  twice  a  week.  (See  also  footnote  on  p.  167.) 


P-aminosalicylic  Acid  (P.A.S.) 


h2n1\>oh 

p-aminosalicylic  acid 


The  discovery  of  this  substance  was  made  as  a  direct  result 
of  fundamental  work  on  the  metabolism  of  tubercle  bacilli. 
Bernheim  (1941)  found  that  benzoic  acid  and  salicylic  acid 
increased  the  oxygen  uptake  of  these  organisms  in  a  more  or  less 
specific  manner,  thus  suggesting  the  possibility  that  they,  or 
similar  substances,  might  be  important  metabolites  of  the  tubercle 
bacilli.  This  led  Lehmann  to  study  the  antitubercular  action  of  a 
large  series  of  structurally  related  compounds  in  the  hope  of 
finding  some  which  would  inhibit  the  bacterial  metabolite  by  a 
mechanism  of  substrate  competition.  He  found  that  of  all  the 
compounds  studied,  p-aminosalicylic  acid  (P.A.S.)  was  the  most 
active  in  vitro  against  a  bovine  strain  of  tubercle  bacilli  (Lehmann, 
1946).  These  results  have  been  substantially  confirmed  :  Youmans 
et  al.  (1947),  for  example,  found  that  the  drue  is  hkdilv  haoterm- 
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p-aminobenzoic  acid  as  specific  in  nature.  Goodaere  et  al  (1948) 
have  investigated  a  number  of  derivatives  and  analogues  of 
P.A.S.;  no  marked  increase  in  activity  was  found.  P.A.S.  and 
streptomycin  appear  to  act  synergistically  on  tubercle  bacilli 
in  vitro  (Vennesland  et  al.,  1948),  and  this  has  also  been  found  in 
experimental  tuberculous  infections  in  mice  (Moeschlin  et  al., 
1948).  Additive  effects  between  the  two  drugs  have  also  been 
described  in  experimental  infections  of  the  rabbit's  cornea  and 
mouse’s  cornea  (Rees  and  Robson,  1949, 1950)  and  of  the  guinea  pig 
(Bloch  et  al.,  1949).  Some  data  on  the  combined  value  of  the  drugs 
used  clinically  in  miliary  tuberculosis  are  given  by  Cartensen  and 
Soderhjelm  (1948). 


Experimental  Infections 

The  value  of  P.A.S.  has  also  been  demonstrated  in  infected 
animals,  although  the  results  appear  to  be  greatly  dependent  on 
the  size  of  the  inoculum.  Feldman  et  al.  (1947)  found  that  it 
exerted  a  favourable  influence  on  the  course  of  tuberculous 
infections  in  guinea  pigs  while  McClosky  et  al.  (1948),  using  a 
larger  inoculum,  failed  to  detect  any  appreciable  therapeutic 
action  in  guinea  pigs  and  rabbits.  It  has  been  clearly  demonstrated 
that  P.A.S.  is  of  value  in  experimental  tuberculosis  in  mice 
(Youmans  et  al.,  1947),  though  not  as  effective  as  streptomycin 
(Moeschlin  et  al.,  1948  ;  Levaditi  et  al,  1948). 

Absorption  and  fate  in  the  body.  P.A.S.  has  the  great  advantages 
that  it  can  be  given  orally,  being  well  absorbed  in  the  intestine, 
and  that  it  has  a  low  toxicity  and  can  thus  safely  be  given  in  arge 
doses  (McClosky  et  al,  1948).  Methods  for  its  estimation  in  blood 
and  bodv  fluids  have  been  described  by  Marshall  (1948)  and  Dicken¬ 
son  and  Kelly  (1949).  Its  metabolism  in  various  species  has  been 
studied  by  Way  et  al  (1948)  and  by  Venkataraman  et  al  1.  )• 

After  an  oral  dose  of  4  grams  in  man  a  maximum  plasma  level  o  the 
order  of  7.5  mg.  per  cent  is  reached  in  1-2  hours  am  ns  _ 
less  than  1  mg.  per  cent  within  6  hours.  About  85  per  cent  ol  the 
dose  can  be  accounted  for  in  the  urine  within  10  hours ;  in  man  sonic 
60  per  cent  of  this  material  is  recovered  in  the  urine  in  t :  ic  orm 
of  conjugated  amines.  Ragaz  (1948)  has  demonstrated  that  the 
o  J  f.  p  p  a  s;  is  increased  when  acid  is  administered  and 
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renal  excretion  was  investigated  and  it  was  found  that  about  25 
per  cent  of  the  drug  is  filtered  by  the  glomeruli  and  the  remainder 
secreted  by  the  tubules.  This  tubular  excretion  can  be  halved  by 
the  administration  of  carinamide,  and  the  therapeutic  application 
of  this  finding  is  being  investigated  by  Horne  and  Wilson  (1949). 

Alin  and  Helander  (1948)  have  investigated  the  distribution  of 
P  A.S.  in  tissues,  taking  advantage  of  the  fact  that  it  gives  a 
strong  green  fluorescence  in  ultra  violet  light.  They  showed  that 
the  substance  is  accumulated  in  elastic  fibres.  In  and  around 
fresh  lung  tubercles  in  mice  there  was  less  P.A.S.  than  in  the  rest 
of  the  pulmonary  tissue,  partly  due,  they  believe,  to  the  destruction 
of  the  elastic  connective  tissue. 


Clinical  Use.  There  are  a  number  of  clinical  reports  on  the  use 
of  P  A.S.:  acute  miliary  and  meningeal  tuberculosis  are  not 
affected  but  there  is  evidence  that  it  is  of  value  in  the  exudative 
forms  of  pulmonary  tuberculosis  (Erdei,  1948  ;  Nagiev  and  Low 
m-j  ;  Carstensen  and  Sjolin,  1948) ;  also,  given  by  local  instate 
bon  in  concentrations  up  to  1(1  per  cent,  in  tuberculous  empyemata 
and  in  tuberculous  Astute  (Steinlin  and  Wilhelmi,  '  1948) 
According  to  Nagley  and  Logg  (1949)  treatment  will,  P.A.S.  often 
has  the  important  effect  of  making  patients  fit  for  collapse  therapy 
The  drug  is  given  orally  in  doses  of  the  order  of  12-20  G  per  dav 
As  a  rule  it  produces  few  toxic  effects  ;  gastro-intcstinal  disturb 

P=  “3  zz&zzx 

baSmobtained^from^itients6  treated  f'^l  CU‘tUreS  f  tubercle 
days)  with  P.A.S.  were^ughlv  resistant  to  pT ,1  ^ 

patients  who  received  P  \  S  in  ,  w  .P'AS’  Cultures  from 
streptomycin  did  ^t  show  thk  in  latl°n  With  Promi"  and 
invitro.  The  significance  of  these  fi  ,  ,Crease  ln  resistance  to  P.A.S. 

tion,  including  the  implication  th  req.Ulres  lurther  investiga- 
develop  to 
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bacillus  botli  in  vitro  and  in  vivo.  Their  activity  is  not  inhibited 
by  p-aminobenzoic  acid  and  they  can  be  given  orally,  parenterally 
and  locally  (Domagk,  1947,  1948).  Certain  of  these  substances, 
of  which  the  most  important  is  p-acetamido-benzaldehyde  thio- 
semicarbazone  (TBl-698),  have  already  been  tried  clinically,  in 
combination  with  sulphathiazole,  in  the  treatment  of  lupus  and 
pulmonary  tuberculosis,  with  apparently  encouraging  results 
(Moncorps  and  Kalkoff,  1947  ;  Kuhlmann,  1948).  Certain  toxic 
effects  were  observed,  such  as  initial  gastro-intestinal  disturbances, 
rashes,  moderate  anaemia,  and  in  diabetics  a  marked  rise  in  their 
requirement  of  insulin.* 

Hoggarth  et  al.  (1948)  have  studied  about  100  derivatives  and 
found  that  activity  is  confined  to  thiosemicarbazones  of  substituted 
benzaldehydes  and  heterocyclic  aldehydes.  The  most  active  and 
least  toxic  of  these  compounds  in  mice  is  the  thiosemicarbazone 
of  p-ethylsulphonvl  benzaldehyde  (Compound  8388),  of  which  the 
formula  is  shown  below.  The  activity  of  this  and  several  other 
compounds  is  higher  than  that  of  any  other  synthetic  substance,  j 
including  p-aminosalicylic  acid. 


so2.c2h5. 


CH.N.NH.C 


/NH2 


Thiosemicarbazone  derivative 
(Compound  8388) 

Spinks  <104-9)  has  devised  spectrophotometric  methods  for 
estimating  these  compounds,  lie  finds  that  compound  8388,  when 
(riven  to  mice  and  rabbits,  attains  high  blood  concentrations  and 
is  only  slowly  eliminated.  A  high  proportion  is  excreted  unchanged 
in  the  urine.  The  persistence  of  this  compound  probably  accounts 
for  its  high  chemotherapeutic  activity,  since  other  thiosemi¬ 
carbazones  are  more  active  in  vitro  but  much  more  rapidly 
eliminated  from  the  body.  P-acetamidobenzaldehyde,  the  com¬ 
pound  made  by  Domagk  and  tested  clinically  by  his  co.labora  ors 
lacks  the  persistence  in  the  body  shown  by  Compound  8388 
(Spinks,  1949). 


Till  OS  EM  I C  A  R  BA  Z  ONES  1 ' 6 

Chloramphenicol  and  Aureomycin 

Many  new  antibiotics  have  been  recently  isolated,  among  which 
chloramphenicol  and  aureomycin  deserve  special  mention,  although 
they  are  not,  as  was  at  first  hoped,  active  against  true  small  viruses. 
This  is  still  a  problem  that  awaits  solution.  The  properties  of 
these  two  substances  are  reviewed  by  Schoenbach  (1949). 


Chloramphenicol  (Chloromycetin) 

Burkholder  and  his  colleagues  of  Yale  University  (Ehrlich  ct  al., 
1947)  found  in  1947  that  an  antibiotic  substance  was  produced  by 
a  new  strain  of  streptomyces,  found  in  a  soil  sample  collected 
near  Caracas,  Venezuela.  The  same  streptomyces  has  incidentally 
been  found  more  recently  in  a  compost  heap  in  Illinois  (Gottlieb  et 
al.,  1948).  Agar  cultures  of  this  organism  were  found  to  inhibit 
adjacent  inocula  of  a  wide  variety  of  grain  positive  and  gram 


NO, 


NX 
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I 

CH.NH.C0Cm2 

fH20H. 

Chloramphenicol 

(chloromycetin) 

negative  organisms,  and  filtrates  of  deep  cultures  had  the  same 
antibacterial  properties.  A  crystalline  product  was  obtained  which 
was  called  chloromycetin  and  is  now  also  known  as  chloramphenicol. 
The  chemical  structure  of  the  substance  was  rapidly  determined, 
and  it  was  found  to  be  D-(-)-threo- l-p-nitrophenyl-2-dichloro- 
acetamido-propane- 1  :  3  diol.  Parke  Davis  and  Co.  have  given  an 
account  of  its  synthesis,  by  a  team  headed  by  Dr.  Leon  A.  Sweet, 
in  a  paper  read  to  the  American  Chemical  Society  on  March  29* 
1949,  and  the  synthesis  is  described  by  Controulis  et  al.  (1949). 
Raistrick  (1949)  also  discussed  its  constitution.  No  doubt  related 
compounds  are  at  present  being  made  and  tested. 

Chloramphenicol  has  been  manufactured  on  a  commercial  scale 
and  tins  product  has  been  found  effective  experimentally  and 
clinically  (Smadel  et  al.,  1949). 
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Chloramphenicol  is  active  in  high  dilutions  against  a  number  of 
gram  positive  and  gram  negative  organisms  (Smith  et  al.,  1948), 
but  has  only  a  moderate  activity  against  M.  tuberculosis.  It  is 
active  against  infections  in  mice  with  the  cholera  vibrio  and  this 
suggested  its  use  in  the  treatment  of  human  cholera  and  its 
prophylactic  use  during  epidemics  (Gauld  et  at,  1949).  By  experi¬ 
ments  on  infected  chick  embryos  and  infected  mice,  chloram¬ 
phenicol  was  shown  to  have  chemotherapeutic  activity  against 
rickettsial  diseases  and  virus  diseases  of  the  'psittacosis  lymph- 
granuloma  venereum  group,  but  it  has  no  effect  against  the  true 
viruses,  such  as  Type  A.  influenza,  St.  Louis  encephalitis  and  fixed 
rabies  virus. 

Chloramphenicol  was  isolated  in  a  crystalline  form  by  Bartz  et  al. 
(1947),  who  describe  its  physical  and  chemical  properties.  The 
substance  is  only  slightly  soluble  in  water,  but  soluble  in  propylene 
glycol.  It  is  well  absorbed  when  given  orally  to  animals  and  man 
and  rapidly  metabolized,  so  that  only  about  10  per  cent  is  excreted 
in  the  urine.  Hence  frequent  administration  is  necessary  to 
maintain  a  chemotherapeutic  concentration.  It  can  also  be  safely 
given  intravenously,  dissolved  in  an  innocuous  organic  solvent,  e.g. 
propylene  glycol  (Payne  et  al.,  1948).  Its  toxicity  in  laboratory 
animals  is  of  the  same  order  as  that  of  streptomycin  (Smith  et  al., 
1948).  It  can  be  assayed  biologically  by  a  method  involving  the 
inhibition  of  growth  of  Shigella  paradysenteria  (Ley  et  al,  1948). 

Ley  et  al.  (1948)  showed  that  when  a  dose  of  2  grams  is  given 
to  man,  a  blood  concentration  of  about  20  /xg./ml.  is  rapidly 
produced  and  the  drug  is  detectable  in  the  blood  for  more  than 
eight  hours.  These  authors  also  found  that  repeated  doses  of  0.2 
gram  did  not  produce  a  concentration  detectable  in  the  blood,  but 
the  urinary  concentration  was  maintained  at  about  25  p-g./m  . 
Smadel  and  co-workers  (1948)  also  followed  the  blood  and  urine 
concentrations  in  patients  suffering  from  typhus,  and  found  tha 
blood  concentrations  of  the  order  of  5  /xg./ml.  could  be  maintained 
bv  the  administration  of  1  gram  per  day,  given  as  0.2  grams  a 
four  hourly  intervals.  Glazko  et  al.  (1949)  have  followed  the 
distribution  of  chloramphenicol  m  rats  and  dogs  and  found  li  5. 
concentrations  in  the  kidney  and  liver,  with  progressively  lower 
concentrations  in  the  lung,  spleen,  heart,  muscle  and  ram 
Incubation  of  the  drug  with  rat  liver  slices  results  m  a  loss 
activity.  In  man  less  than  10  per  cent  of  the  drug  ,s  excreted  m 
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the  urine  unchanged  but  most  of  the  remainder  is  excreted  in  the 
form  of  an  inactive  nitro  compound. 

The  clinical  investigation  of  chloramphenicol  is  still  in  its  early 
stages  and  only  some  indication  of  its  value  can  at  present  be 
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given.  It  is  clearly  highly  effective  in  the  treatment  of  scrub 
typhus  and  the  possibilities  of  its  use  in  the  prophylaxis  of  this 
disease  are  also  being  investigated  (Smadel  et  al.,  1948  ;  Lancet, 
1949).  It  is  also  rapidly  effective  in  the  treatment  of  epidemic 
typhus  (Payne  et  al.,  1948  ;  Smadel  et  al.,  1948),  especially  when 
given  by  slow  intravenous  injection,  dissolved  in  propylene 
glycol,  and  in  rocky  mountain  spotted  fever  (Pincoffs  et  al.,  1948). 
It  is  also  of  value  in  the  treatment  of  typhoid  fever  (Woodward  et 
al.,  1948),  and  should  be  administered  for  more  than  eight  days  to 
acutely  ill  patients  if  relapses  are  to  be  avoided  ;  there  appears  to 
be  little  advantage  in  continuing  treatment  for  more  than  14  days 
(Smadel  et  al.,  1949).  According  to  the  results  of  El  Borolossy  and 
Buttle  (1949)  on  experimental  S.  typhi  infections  in  mice,  a 
combination  of  chloramphenicol  and  sulphadiazine  might  provide 
an  even  more  satisfactory  treatment.  Encouraging  results  have 
been  obtained  with  chloramphenicol  in  the  treatment  of  infantile 
gastro- enteritis  (Rogers  et  al.,  1949)  and  paratyphoid  B  fever 
(Curtin,  1949).  Interesting  findings  when  administered  in  early 
syphilis  in  man  have  also  been  reported  (Romansky  et  al.,  1949).* 

Aureomycin 


This  is  also  produced  by  a  mould  of  the  streptomyces  gioup 
(streptomymes  aureofacicns)  and  was  isolated  by  workers  at  the 
Lederle  Laboratories.  It  has  been  obtained  in  a  highly  pure 
crystalline  form  and  is  a  golden  yellow  substance.  It  is  soluble 
in  water  and  quite  stable  in  acid  solutions  (pH  4.0).  Neutral  or 
alkaline  solutions  rapidly  lose  their  activity.  Many  findings  on 
aureomycin  are  collected  in  a  number  of  the  Annals  of  the  New 
Vnrlr  Anndemv  of  Sciences  (1948,  51,  175-345). 


*  Chloramphenicol  lias  be 
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hamsters,  and  O’Leary  et  al.  (1948)  demonstrated  some  anti- 
spirochetal  activity  in  primary  syphilis  in  man.  Although  aureo- 
mycin  has  some  action  on  tubercle  bacilli  in  vitro,  the  results  of 
treatment  of  tuberculosis  in  guinea  pigs  and  man  have  been 
negative  (Steenken  and  Wolinsky,  1949  ;  Steinbach  et  al.,  1949). 

Aureomycin  is  inactivated  too  rapidly  in  vitro  to  determine 
bacteriostatic  concentrations  by  a  24  hour  serial  dilution  method 
as  used  for  penicillin,  and  investigators  have  used  a  dilution 
method  with  Bacillus  cereus  as  the  test  organism,  the  results 
being  read  after  four  hours  of  incubation  at  37°C. ;  this  is  based  on 
the  test  first  described  by  Dornbush  and  Pelcak  (1948).  As 
aureomycin  is  so  unstable  in  body  fluids,  Herrell  and  Heilman 
(1949)  store  their  biological  material  in  a  frozen  state  in  a  chamber 
refrigerated  with  solid  C02. 

Aureomycin  is  well  absorbed  when  given  orally  and  rapidly 
appears  in  the  urine.  Some  10-15  per  cent  of  the  dose  given  is 
excreted  by  the  kidneys.  When  the  drug  is  given  orally  in  single 
doses  of  0.75-1  gram  the  maximum  serum  concentration  (up^to 
4  yg.f ml.)  is  reached  after  some  3-6  hours  and  this  is  maintained  for 
several  more  hours.  Some  activity  may  be  detected  in  the  serum 
or  24  hours  or  even  more.  With  continued  administration  serum 
levels  up  to  20  pg./ml.  may  be  found.  The  results  suggest  that 
six  hourly  oral  doses  of  10  mg.  per  kg.  should  be  adequate  for 
therapeutic  purposes.  Following  intramuscular  administration 
the  maximum  ls  reached  more  rapidly,  in  about  one  hour.  The 
drug  d.ffuses  into  many  body  tissues  and  fluids,  including  the 
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this  last  condition  the  effect  is  apparently  as  good  as  that  produced 
by  streptomycin  (Woodward  et  al.,  1949).  Other  conditions  are 
also  being  investigated  including  a  variety  of  diseases  due  to 
bacterial  infections  (Finland  et  al.,  1948  ;  Collins  et  al.,  1948  ; 
Braley  and  Sanders,  1948),  and  also  primary  atypical  non-bacterial 
pneumonia  (Schoenbach  and  Bryer,  1949).  Rutenburg  and 
Schweinburg  (1949)  report  good  results  in  urinary  infections  with 
gram  negative  organisms  which  were  refractory  to  previous  treat¬ 
ment  with  other  antibiotics.  The  wider  and  successful  use  of  the 
drug  in  urinary  tract  infections  is  described  by  Collins  and  Finland 
(1949);  Willcox  and  Findlay  (1949)  found  aureomycin  effective 
in  gonoccocal  and  non-specific  urethritis.  Preliminary  results 
suggest  that  the  drug  may  prove  of  value  in  the  treatment  of 
amoebiasis  (McYav  et  al.,  1949),  and  of  anthrax  (Brit.  mol. 
1949). 
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CHAPTER  8 


ANTIMALARIAL  DRUGS 


The  last  war  gave  a  great  impetus  to  research  in  this  field, 
as  several  campaigns  were  fought  in  areas  where  malaria  was 
prevalent,  and  armies  were  more  than  once  almost  immobilized 
because  of  ineffective  control  of  the  disease.  This  was  due,  to  a 
gieat  extent,  to  the  fact  that  the  supply  of  quinine  was  cut  off  by 
the  Japanese  invasion  of  the  East  Indies,  but  also  to  a  lack  of 
knowledge  of  the  proper  use  of  alternative  substances.  The 
advances  which  have  since  been  made  can  be  described  under  four 
headings,  namely  : — 


( 1 )  lucinoas  01  large  scale  manufacture  of  drugs  alreadv  known. 
Mepacrme  and  pamaquin  were  such  drugs  and  had  previously  been 
manufactured  by  the  Germans,  and  much  work  and  skill  was 
necessary  to  solve  the  problem  of  their  large  scale  preparation. 
Ihis  was  essentially  a  chemical  problem. 

(2)  The  discovery  of  new  and  more  effective  remedies.  The 
most  important  drugs  so  found  were  proguanil  (paludrine),  penta- 
quin  and  chloroquine.  Their  discovery  resulted  from  the 
collaboration  of  chemists  and  pharmacologists 

(3)  The  more  effective  use  of  all  the  drugs  available  in  the 
prevention  and  treatment  of  malaria.  This  involved  large  scale 

ical  experiments  and  also  some  beautifully  controlled^xperi 

Genii', IK  UmaMSUfbjeCt  Clini«ans  and  parasitologists  were 

essentially  responsib  e  for  this  wnrl-  +  •  i  , 

volunteers  at  I  penitentiary  hi VsT  .  ,  Pfformed  on 

al  1iqj.jp  i  •  -o.A.  are  described  by  Alvincr  et 

ai.  (1948),  and  experiments  carried  nut  i?  •  i  '  ,  ,  g 

‘eagues^iil  be  referred  to  in  the  section  on'  proguanil  °°1' 

the  life  cycle  orth^  malanar''1  ",'!’°rtant  '"formation  concerning 
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There  has  also  bee^nmcb  l*8**  °f  the  d^ase. 

malarial  parasite  and  the  effect  "  7  metabolism  of  the 
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Mackerras  and  Ercole  (1949)  conclude  that  quinine  and  mepacrine 
appear  to  act  by  inhibiting  the  breakdown  of  haemoglobin  which 
occurs  in  the  presence  of  the  parasites.  These  drugs  have  no  action 
on  parasites  whose  growth  is  independent  of  this  protein.  Pama- 
quin  acts  as  a  general  protoplasmic  poison,  its  action  being 
independent  of  the  substrate  used  for  metabolism.  Mature 
gametocytes  are  unharmed  by  quinine  and  mepacrine,  but  are 
very  susceptible  to  the  action  of  pamaquin.  Quinine  does,  however, 
inhibit  the  growtli  of  young  gametocytes,  whereas  mepacrine 
affects  their  metabolism  in  such  a  way  that  they  appear  un- 
pigmented  or  with  only  minute  amounts  of  pigment.  These 
unpigmented  forms  are  capable  of  infecting  mosquitoes. 


The  Life  Cycle  of  the  Malarial  Parasite 

As  is  well  known,  this  can  be  divided  into  two  phases,  i.e.  one 
during  which  the  parasite  is  in  the  mosquito,  and  another  during 
which  it  undergoes  various  changes  in  man  (or  other  hosts,  such 
as  the  monkey  or  a  bird).  The  mosquito,  by  its  bite,  transfers  the 
parasite  to  man  in  the  form  of  the  sporozoite  and  for  many  years 
it  was  believed,  as  Schaudinn  had  described  it  in  1902,  that  the 
sporozoite  penetrates  into  the  red  cell  and  then  undergoes  its  life 
cycle  to  trophozoite,  schizont,  merozoites  and  so  on.  No  one 
had,  however,  actually  been  able  to  confirm  Schaudinn’s  observa¬ 
tion,  and  there  were,  in  addition,  certain  findings  on  the  action  of 
quinine  which  suggested  that  the  sporozoites  differed  funda¬ 
mentally  in  their  properties  from  the  parasites  present  in  the  red 
cells.  These  observations  were  made  on  patients  given  malarial 
therapy  for  general  paresis  :  If  a  patient  is  inoculated  with  blood 
containing  malarial  parasites  and  the  subsequent  infection  treated 
with  quinine,  he  is  easily  and  permanently  cured.  Hence  the 
parasites  at  that  stage  are  highly  susceptible  to  the  chemo¬ 
therapeutic  actio,,  of  quinine.  But  if  a  patient  .s  inoculated  with 
sporozoites  and  then  treated  with  quinine,  this  does  not  prevent 
the  attack  of  malaria  ;  and  the  drug  given  at  a  later  stage,  when 
the  typical  attack  has  developed,  will  only  produce  a  temporary 
remission  of  symptoms  and  not  prevent  a  relapse.  Hence  sporo- 
zodes  and  some  forms  descended  from  them,  are  resistant  to  he . 
action  of  quinine.  It  was  also  found  that  if  patients  are  injected 
fntravenouslv  with  large  amounts  of  infected  corpuscles,  the 
attack  develops  almost  immediately  ;  if  sporozoites  are  mjee  ec . 
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three  and  a  half  months  after  a  sporozoite-induced  infection. 
The  infection  was  latent  at  that  stage  and  a  piece  of  liver  was 
removed  for  examination.  They  chose  that  particular  time  for 
the  operation  as  they  believed  that  a  relapse  would  soon  occur, 
and  in  actual  fact  early  ring  forms. were  found  in  the  blood  on  the 
following  day.  The  liver  biopsy  specimen  contained  typical  exo- 
erythrocytic  schizonts. 

More  recently  still  the  existence  of  a  pre-erythrocytic  stage  in 
the  life  cycle  of  P .  falciparum  has  been  demonstrated  in  an  experi¬ 
ment  on  Mr.  C.  H.  Howard  “who  not  only  cheerfully,  but  on  his 
own  initiative,  offered  himself  for  this  experiment  (Shortt  et  al.. 
1949). 

From  all  their  observations  Shortt  and  Garnhani  conclude  that 
“The  inoculation  of  sporozoites  by  the  infected  mosquito  is 
followed  by  a  pre-erythrocytic  development  in  the  parenchymal 
cells  of  the  liver,  with  the  ultimate  production  of  merozoites. 
Many  of  these  enter  the  erythrocytes  to  produce  a  parasitaemia 
and  a  clinical  attack  of  malaria.  Other  merozoites  enter  normal 
liver  cells  and  repeat  the  process  of  exo-erythrocytic  schizogony. 
This  latter  process  repeats  itself  indefinitely,  irrespective  of 
whether  the  erythrocytic  cycle  is  present  or  is  in  abeyance  as  the 
result  of  antimalarial  treatment,  or  a  naturally  acquired  active 
immunity.  The  active  immunity  is  primarily  operative  against 
the  erythrocytic  parasites,  but  also  destroys  those  merozoites 
liberated  by  the  exo-erythrocytic  schizonts  which  are  destined  to 
enter  red  cells.  Those  which  enter  liver  cells  to  maintain  the 
exo-erythrocytic  cycle  are  protected  from  this  immunity  by  their 
intracellular  position  outside  the  circulating  blood.  If,  for  any 
reason,  the  active  immunity  of  the  host  is  impaired,  it  no  longer 
operates  against  the  merozoites,  destined  to  start  the  erythrocytic 

cycle,  and  these  enter  the  blood  cells  and  initiate  a  clinical 
relapse.” 

The  tissue  forms  of  the  parasites  ultimately  do  die  out,  the 
time  required  varying  with  the  Plasmodium  responsible.  In  the 
ease  of  P.  falciparum  they  probably  die  soon  after  the  infection 
has  developed  in  the  blood  corpuscles.  In  the  case  of  P.  vivax 
icy  appear  to  persist  for  1-3  years,  giving  rise  at  intervals  to 
ie  relapses  typical  of  benign  tertian  malaria,  while  the  tissue 

forms  of  quartan  malana  persist  for  a  much  longer  period,  perhaps 
up  to  20  years.  1  * 
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These  findings  emphasize  that  what  is  needed  in  the  treatment 
of  malaria  is  a  drug,  or  combination  of  drugs,  which  will  produce 
a  chemotherapeutic  action  against  the  exo-erythrocytic  forms,  and 
not  merely  against  the  blood  forms  of  the  parasite.  This  would 
lead  to  the  eradication  of  the  schizonts  from  the  liver,  thus 
preventing  the  development  of  the  infection  when  given  as  a 
prophylactic,  and  avoiding  relapses  when  given  to  cure  the 
clinically  established  condition.  In  addition,  drugs  effective 
against  the  sexual  forms  would  also  be  useful  since  they  would 
prevent  the  dissemination  of  the  disease.  Lastly,  of  course, 
measures  which  lead  to  the  eradication  of  the  mosquitoes  from  an 
area  are  the  most  certain  way  of  ensuring  that  malaria  is  no 
longer  spread. 

In  practice  drugs  are  used  to  produce  three  main  effects,  viz. 
(1)  Prophylaxis,  i.e.  to  kill  the  parasites  before  they  can  produce  an 
infection,  (2)  Suppressant :  for  this  purpose  the  drugs  are  given 
over  long  periods  and  though  infection  may  occur  its  clinical 
manifestations  are  kept  in  abeyance,  and  (3)  Curative,  i.e.  to 
eradicate  completely  an  established  infection. 

In  the  search  for  new  antimalarials  which  was  carried  out  during 
the  war,  and  which  is  still  proceeding,  many  thousands  of  drugs 
were  tested  on  laboratory  animals.  Some  ot  these  investigations 
are  surveyed  in  an  American  monograph  edited  by  Wiselogle 
(1946).  Many  tests  were  carried  out  in  bird  malaria.  For  example, 
in  the  investigations  which  resulted  in  the  discovery  of  proguanil, 
the  initial  tests  on  new  compounds  were  performed  on  young 
chicks  infected  with  P.  gallinaceum  ;  other  hosts,  infected  with 
other  strains  of  parasites,  were  used  to  distinguish  between  drugs 
thought  to  act  in  different  ways  (Curd  et  al.,  1945). 

It  has  recently  been  shown  that  P.  cynomolgi  infections  in 
monkeys  react  to  drugs  in  a  manner  very  similar  to  P.  vwax 
infections  in  man,  and  it  seems  possible  that  rhesus  monkeys  may 
be  valuable  in  a  systematic  search  for  chemotherapeutic  agents 
which  will  cure  human  infections  with  P.  vivax  (Genther  et  al. , 

1948). 
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Proguanil  (Paludrine) 

Before  the  war  three  drugs  were  in  use  in  the  treatment  of 
malaria,  namely  quinine,  mepacrine  and  pamaquin.  Many  thou¬ 
sands  of  compounds  have  been  made  which  are  essentially 
modifications  of  these  known  active  substances.  Proguanil  is, 
however,  exceptional  in  that  it  represents  an  antimalarial  with  an 
entirely  new  chemical  structure.  The  story  of  its  discovery  in 
the  I.C.I.  laboratories,  as  told  by  Rose  (1946),  makes  fascinating 
reading.  Starting  with  simple  compounds  containing  the  pyri¬ 
midine  nucleus,  which  is  present  in  so  many  substances  of 
physiological  importance,  they  arrived  at  proguanil  by  a  combina¬ 
tion  of  bold  planning,  patient  trials  and,  most  important,  inspired 
guesswork.  Much  time  was  spent  trying  to  produce  a  substance 
similar  in  constitution  to  riboflavine,  and  possibly  able  to  act  on 
the  parasite  by  a  mechanism  of  substrate  competition,  but  this  did 
not  lead  to  the  discovery  of  any  very  active  compounds.  An  import¬ 
ant  advance  was  made  when  it  was  found  that  the  activity  ° 
compounds  under  investigation  was  dependent  on  the  middle 
part  of  the  molecule  consisting  of  alternate  carbon  and  nitrogen 
atoms,  and  this  led  to  the  biguanide  type  of  structure  am 
ultimately  to  proguanil.  A  great  advantage  of  proguanil  is  that  t 
can  be  easily  and  cheaply  prepared  in  large  quantities,  and  t 
the  first  time  that  a  synthetic  drug  of  this  type  has  become 

available. 


PROGUANIL 


195 


Actions 

Proguanil  inhibits  the  development  of  the  blood  forms  of  all 
species  of  malarial  parasites  so  far  examined  in  birds  (Curd  et  al., 
1 9-15).  'Fhe  effects  of  the  drug  in  man  were  extensively  investigated 
by  a  team  under  the  direction  of  Fairley  at  Cairns,  Australia,  and 
are  described  by  Fairley  (1946).  This  work  involved  the  experi¬ 
mental  infection  of  volunteers  with  both  P.  vivace  and  P.  falciparum 
malaria  and  their  treatment  at  various  stages  following  infection. 
Soldiers  evacuated  from  New  Guinea  with  vivax  or  falciparum 
malaria  were  also  treated.  It  was  found  that  proguanil  is  a  causal 
prophylactic  against  mosquito  induced  falciparum  malaria  but  only 
a  partial  prophylactic  against  vivax  malaria  :  in  the  latter  case 
the  exo-erythrocytic  forms  are  only  inhibited  but  not  destroyed, 
and  after  the  administration  of  the  drug  has  ceased,  the  surviving 
forms  commence  schizogony  with  eventual  production  of  asexual 
erythrocytic  parasites  and  overt  malaria.  The  drug  in  quite  small 
doses  produces  radical  cure  of  falciparum  malaria,  but  even  large 
doses  fail  to  achieve  this  in  the  benign  tertian  variety.  Working 
with  an  African  strain  of  P .  falciparum,  Coveil  et  al.  (1949)  found, 
as  did  Fairley,  that  proguanil  acted  as  a  true  causal  prophylactic. 
The  drug,  however,  failed  to  effect  radical  cure  of  infections  with 
this  strain,  a  finding  in  marked  contrast  to  the  results  of  Fairley 
on  the  New  Guinea  strain  of  P.  falciparum. 

Proguanil  does  not  act  on  the  sexual  forms,  i.e.  it  has  no  game- 
tocidal  properties  but,  if  it  is  present  in  human  blood  containing 
gametocytes  of  either  P.  vivax  or  P.  falciparum  at  the  time  of  in¬ 
gestion  by  mosquitoes,  the  sexual  development  of  these  parasites 
m  the  insect  host  is  inhibited  so  that  the  sporozoites  are  not  formed. 
11ns  is  a  very  important  effect  since  it  should  materially  decrease 
the  chances  of  infection  in  areas  where  the  drug  may  be  ex¬ 
tensively  used  in  the  suppression  of  the  disease. 


Drug  Resistance 

can'  illtr0"  7'  ,L°',‘rie  (1947>  have  show"  that  P.  gallinaceum 

'  devel.“P  a  "S  '  ,lcsrec  of  resistance  to  proguanil,  which  is 
transmissible  through  the  mosquito  (Aides  mgypti)  No  such 
resistance  was  obtained  following  intensive  an.lproLved  treat 
ment  with  quinine,  mepacrine,  a  pyrimidine  precursor  of  proguanil 
»r  sulphadiazine.  The  development  of  resistance  to  suhdXzhie 
.  S  Mill  <  null  escribed  (Bishop  and  McConnachie,  1948).  Schmidt 
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and  his  co-workers  (1949)  have  found  that  a  high  degree  of  pro- 
guanil  resistance  can  be  developed  when  infections  with  V. 
cynomolgi  are  treated  with  successively  increasing  doses  of  the 
drug  ;  this  resistance  too  can  be  transferred  through  the  mosquito 
without  loss.  The  possible  development  of  proguanil  resistance 
in  human  malaria  is  obviously  a  matter  that  requires  investigation. 
The  experiments  of  Seaton  and  Lourie  (1949)  in  man  suggest 
that  the  danger  of  producing  a  serious  degree  of  resistance  in  a 
strain  of  P.  vivax  by  the  ordinary  use  of  proguanil  in  clinical 
practice  is  very  slight,  if  not  negligible,  but  C  ooper  and  his  co¬ 
workers  (personal  communication  from  Ur.  \Y.  Clark  Cooper)  have 
found  that  resistance  can  easily  be  induced  in  patients  experiment¬ 
ally  inoculated  with  the  Chesson  strain  of  P.  vivax ,  by  giving  doses 
below  those  required  for  complete  eradication.  This  resistance  can 
be  transferred  through  the  mosquito.  Attempts  to  produce 
resistance  to  chloroquine  by  similar  techniques  have  not  proved 
successful.  Dr.  Cooper  concludes  “that  chlorguanide  (i.e.  pro¬ 
guanil)  resistance  should  not  offer  much  hazard  to  the  individual 
patient  in  a  mildly  endemic  zone.  On  the  other  hand,  use  of  the 
drug  for  mass  therapy  and  prophylaxis  in  a  hyperendemic  area 
would  seem  to  provide  excellent  opportunities  lor  acquired 
resistance.”  He  believes  that  resistant  strains  would  become 
widespread  under  such  conditions.* 


Absorption  and  Fate 

In  animals  proguanil  is  fairly  rapidly  absorbed  from  the  intestine 
and  about  70-90  per  cent  of  the  dose  is  absorbed  (Schmidt  et  al. , 
1947).  The  blood  levels  produced  are  relatively  low,  but  the  drug  is 
concentrated  in  certain  organs,  including  the  lungs,  liver,  spleen 
and  kidneys.  The  concentrations  in  red  cells  are  4-6  times  as  great, 
as  those  in  plasma,  and  white  cells  probably  contain  10-100  times 
as  much  as  plasma.  Proguanil  is  excreted  mainly  m  the  urine  but 

some  reaches  the  large  intestine  (Spinks,  1947). 

The  fate  of  the  drug  in  man  has  been  investigated  by  Maegrai 
et  al  (1946).  They  found  that  it  is  quite  rapidly  absorbed  from  the 
intestine  ;  the  maximum  plasma  concentration  is  reached  some 
four  hours  after  ingestion  and  then  falls  to  half  in  about  twelve 
hours  They  also  determined  the  plasma  concentrations  producec 

i,  147). 
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Fig.  20 

Showing  the  plasma  concentrations  and  urinary 
excretion  of  proguanil  during  14  day  courses  of 
500  mg.  and  50  mg.  twice  a  day. 

X - X  Plasma  concentration  on  500  mg. 

proguanil  b.d. 

- Plasma  concentration  on  50  mg.  pro¬ 
guanil  b.d. 

□  Urinary  excretion  on  500  mg.  proguanil 
b.d. 

®  l  rinary  excretion  on  50  mg.  proguanil 
b.d. 

(After  Maegraith  et  al.,  1946.) 


by  the  continued  administration  of  the  drug  (see  Fio-.  20)  The 
Itlooci  concentrations  arc  about  three  times  those  found  in  the 
plasma,  and  about  75  per  cent  of  the  plasma  proguanil  content  is 
proton-bound.  The  distribution  of  the  drug  in  organs  is  very 
similar  to  that  found  in  animals,  the  highest  concentration  being 
found  in  the  kidneys.  Of  the  total  dose  given,  40-60  per  cent  is 
excreted  by  the  kidneys,  and  about  1(1  per  cent  in  the  Jtools 
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Toxicity 

lhe  toxicity  ol  proguanil  varies  greatly  among  different  species 
of  animals  (Schmidt  et  al.,  1947;  Butler  et  al .,  1947).  In  man 
the  difference  between  the  effective  therapeutic  dose  and  the 
toxic  dose  is  high  and  definitely  exceeds  that  possessed  bv  any 
other  anti  malarial  drug.  Fairley  (1946)  found  that  with  the  usual 
dosage,  such  as  300  mg.  daily  for  10-21  days,  significant  toxic 
symptoms  were  not  observed.  In  doses  of  1  G.  per  day  given  to 
volunteers  with  overt  malaria,  toxic  effects  were  seen,  but  they 
were  not  serious  and  could  be  relieved  by  diminishing  the  daily 
dose  or  by  cessation  of  therapy  for  1-2  days.  The  chief  toxic 
effects  are  vomiting,  and  the  presence  of  red  cells  and  casts  in  the 
urine.  Gross  haematuria  occasionally  develops.  Xo  toxic  effects 
were  obtained  when  the  drug  was  given  as  a  suppressant  over 
periods  of  three  months  (100  mg.  per  day)  or  six  months  (100  mg. 
twice  weekly).  Later  reports,  however,  suggest  that  the  prolonged 
administration  of  proguanil  for  prophylactic  purposes  may  produce 
loss  of  appetite,  reduction  of  weight  and  lack  of  energy  (Annota¬ 
tion,  1949)  and  similar  effects  have  also  been  observed  in  experi¬ 
mental  animals  (Schmidt  et  al.,  1947).  It  has  been  shown  that 
proguanil  inhibits  the  gastric  secretion  in  animals  and  man  (Burn 
and  Vane,  1948  ;  Vane  et  al.,  1948)  and  this  may  possibly  explain 
these  effects. 

Mode  of  Action 

Curd  and  Bose  (1946)  have  made  the  interesting  suggestion  that 
the  action  of  proguanil  is  due  to  an  interference  with  the  porphyrin 
metabolism  of  enzyme  systems  ol  the  malarial  parasite.  The  drug 
forms  a  copper  derivative  in  which  two  molecules  of  proguanil  are 
combined  with  one  atom  of  copper.  T  his  complex  is  rather  similar 
in  structure  to  the  naturally  occurring  porphyrin  pigments  and 
might  thus  compete  with  them  at  some  stage  ol  their  metabolism 

in  the  parasite. 

It  has  been  shown  that  proguanil  has  no  action  in  vitro  on  the  exo- 
erythrocytic  forms  of  P.  gallinacewn  or  on  the  cndo-erythrocytic 
forms  ofP.  cynomolgi.  The  serum  of  animals  which  have  recently 
received  proguanil,  or  proguanil  which  has  been  incubated  with 
minced  liver,  has  a  marked  action  in  vitro  (Hawking  and  1  erry, 
1948).  This  suggests  that  proguanil  itself  is  not  active  against  plas- 
modia  but  that  it  can  somehow  be  modified  in  the  body,  per  laps 
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bv  the  liver,  so  that  it  becomes  actively  plasmodicidal.  This 
conclusion  is  also  supported  by  the  investigations  of  Madinaveitia 
and  Raventos  (1949).  They  found  that  antimalarial  substances 
inhibit  certain  effects  of  adenosine,  which  may  mean  that  anti- 
malarial  action  in  some  way  involves  interference  with  a  process, 
essential  to  the  parasite,  in  which  adenosine  or  a  derivative 
thereof  is  concerned.  Proguanil  itself  does  not  act  in  this  respect 
like  the  other  antimalarials,  but  the  blood  of  guinea  pigs  treated 
with  proguanil  does  antagonize  the  action  of  adenosine  ;  this  is 
taken  as  evidence  that  proguanil  is  metabolized  to  a  compound 
active  against  the  malarial  parasite. 


Pentaquine  and  Pamaquin 

These  drugs  are  similar  in  chemical  composition  and  actions 
and  are  derivatives  of  aminoquinoline,  with  a  methoxy  group 
(CH30)  in  position  8  (see  formula;  on  p.  193).  Pamaquin  has  actions 
on  the  gametocytes  and,  in  combination  with  quinine,  is  highly 
effective  in  the  treatment  of  malaria,  but  its  toxicity  has  pre¬ 
cluded  its  general  use  for  this  purpose,  though  Monk  (1948) 
believes  this  has  been  greatly  exaggerated.  Pentaquine  is  less 
toxic  than  pamaquin  and  can  thus  be  used  more  safely  in  combina¬ 
tion  with  quinine  in  the  treatment  of  malaria.  A  still  newer 
compound,  isopentaquine,  is  apparently  even  less  toxic  than 
pentaquine  (Alving,  1948). 

. 


Absorption  and  Fate 

Pentaquine  is  rapidly  and  completely  absorbed  from  the 
intestine  of  experimental  animals.  Peak  plasma  levels  are  obtained 
between  one  and  a  half  and  two  hours  after  administration  and 
decline  steadily  thereafter.  With  doses  of  30  mg.  per  day  the 
average  plasma  concentration  is  3.4  pg./WO  ml.,  ranging ‘from 
2.0  to  4.8  pg.  1 100  ml.  (Alving  et  al,  1948).  The  concentrations 
which  remain  at  the  end  of  6-8  hours  are  barely  detectable  with 
the  method  available  (i.e.  they  must  be  less  than  2  ug./lOO  ml 
of  plasma).  Not  more  than  15  per  cent  of  the  amount  ingested  can 
be  recovered  from  the  urine.  Pentaquine  is  rapidly  metabolized 
and  uni, ke  mepaerme  and  chloroquine,  is  not  concentrated  in 
the  tissues  even  with  prolonged  treatment.  Hence  the  metabolism 
pentaquine  is  very  similar  to  that  of  pamaquin,  the  only 
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significant  difference  being  that  the  plasma  levels  of  pentaquine 
are  maintained  somewhat  longer  than  those  of  pamaquin. 

The  fate  of  the  drugs  in  man  is  very  similar.  Plasma  levels  of 
pentaquine  can  be  fairly  well  maintained  by  administering  the 
drug  on  a  four  hour  schedule  throughout  the  day  and  night.  The 
concentration  of  the  drug  in  the  plasma  is  usually  slightly  lower 
than  that  which  results  from  the  administration  of  an  equivalent 
dose  of  pamaquin  (Loeb,  1946). 

Actions 

Pentaquine,  like  pamaquin  and  several  other  8-methoxy-amino- 
quinolines,  exerts  a  definite  prophylactic  effect  in  P.  vivax  infec¬ 
tions  of  the  Chesson  strain.  The  strain  of  the  infection  is  usually 
stated  in  experimental  work,  as  different  strains  vary  widely  in 
their  response  to  drugs.  The  Chesson  strain,  obtained  in  the 
Pacific,  is  one  which  is  comparatively  resistant  to  the  action  of 
drugs.  The  effects  of  pentaquine  and  related  substances  are 
probably  exerted  on  the  pre-erythrocytic  stages  of  the  malarial 
parasite.  The  doses  which  have  to  be  used,  however,  are  near  the 
maximum  amounts  tolerated,  so  that  these  drugs  cannot  be 
used  as  causal  prophylactics,  but  the  fact  that  the\  ha\c  an 
action  on  the  exo-erythrocytic  forms  probably  help  to  explain  why 
a  combination  of  pentaquine,  or  pamaquin,  with  quinine  is  so 
effective  in  the  treatment  of  P.  vivax  infections  and  in  the 
prevention  of  relapses,  which  are  presumably  due  to  the  survival 
of  exo-erythrocytic  forms  in  the  liver.  Of  interest  too,  is  the  finding 
that  in  those  subjects  whose  primary  attacks  were  not  prevented 
by  prophylactic  treatment  with  the  8-aminoquinolines,  there  is 
evidence  that  the  disease  is  so  altered  by  the  prophylactic  therapy 
that  it  is  rendered  susceptible  to  cure  by  drug  regimes  usually 
ineffective  in  preventing  relapse  (Jones  et  aU  1948).  1  he  curatn  e 

effects  of  pentaquine  in  P.  vivax  infections  (Chesson  strain)  au 
described  by  Alving  et  al.  (1948).  Even  when  given  alone  the  drug 
has  some  action  in  preventing  relapses,  but  this  is  greatly  enhance! 
by  combining  it  with  quinine. 


Toxic:*,T 


In  animals  the  toxicity 
quarter  that  ol  pamaquin 
and  with  different  method 
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both  drugs  are  increased  two  to  four  times  by  the  concurrent 
administration  of  quinine  (Loeb,  1946).  These  effects  have  been 
studied  quantitatively  by  Chen  and  Ceiling  (1947). 

When  given  in  man  in  doses  of  60  mg.  per  day  (of  the  base) 
toxic  effects  severe  enough  to  cause  discontinuance  of  the  treat¬ 
ment  are  rarely  seen.  The  toxic  effects  are  similar  to  those 
produced  by  pamaquin,  and  consist  of  abdominal  discomfort  and 
pain,  anorexia  and  occasionally  transient  weakness,  headache  and 
diarrhoea.  Alving  et  al.  (1948),  who  made  these  observations,  also 
found  that  the  plasma  concentration  with  this  dose  varied  from 
29  to  49  jug.  per  litre  and  was  raised  when  proguanil  was  given  at 
the  same  time,  though  the  therapeutic  effectiveness  was  not 
increased.  When  higher  doses  (120  to  180  mg.,  i.e.  two  or  three 
times  the  therapeutic  dose)  were  given  to  volunteers,  the  toxic 
symptoms  were  severe  and  included,  in  addition  to  those  mentioned 


above,  methaemoglobinaemia  and  the  production  of  long  persistent 
postural  hypotension  and  syncope  (Craige  et  al.,  1948).  The 
toxicity  of  pentaquine  is  definitely  lower  than  that  of  pamaquin 
or  other  related  aminoquinolines  (Alving  et  al.,  1948). 

In  the  treatment  of  P.  vivax  malaria  a  daily  dose  of  60  mg. 
of  pentaquine  base  (equivalent  to  80  mg.  of  the  diphosphate, 
which  is  the  compound  usually  used)  and  2  G.  of  quinine  are 
recommended.  The  drugs  should  be  given  concurrently  in  divided 
doses  every  four  hours  for  14  days  and  this  should  produce  radical 
cure  of  severe  infections.  It  is  emphasized  that  pentaquine  should 
be  administered  only  under  close  medical  supervision,  preferablv 
m  hospital.  Monk  (1948)  states  that  60  mg.  of  the  drim  per 

c  ay  is  too  high  a  dose  to  be  given  as  a  routine  without  further 
extensive  trials. 


Chloroquine  and  Mepacrine 

Ihese  two  substances  have  similar  actions  on  the  erythrocytic 
forms  of  P .mvax  and  P.  falciparum.  They  are  ineffective  against 

a  e  autSf  ahTd  h™"  °'  *  0vcrt  stacks  of  malaria 

p  ,q7  kl}  aborte(  by  proper  treatment.  If  they  are  due  to 

1  .falciparum  a  radical  cure  of  the  infection  results  but  such  is 

mt  the  case  m  vivax  infections.  Overt  attacks  are  cured  but  a 

Studio ‘Yf  ^  pr°PTtion  of  treated  Patients  suffer  relapse 
studies  of  the  antimalarial  activitv  of  •  1  • 

standardized  strains  of  P  m,“  and  P  Lc/  ,  '  T  WeU 

wax  and  I  .jalap arum  have  shown  that 
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its  activity  is  about  three  times  that  of  mepacrine  (Loeb,  1946). 
(  hloroquine  lias  the  additional  advantage  that  it  is  colourless  and 
hence  does  not  stain  the  skin. 

Mepacrine 

This  was  discovered  by  Schulemann  in  1930  and  used  quite 
extensively  before  the  war.  but  much  work  had  to  be  done  on  it 
before  it  could  be  used  effectively  on  a  large  scale  during  the  Avar. 
It  Avas  then  extensively  used  in  the  control  of  malaria  in  many 
theatres  of  operation. 

Mepacrine  is  readily  absorbed  from  the  intestine,  but  only  a 
small  fraction  of  the  daily  dose  is  excreted  in  the  urine.  Substances 
derived  from  mepacrine  have  also  been  identified  in  the  urine 
(Hammick  and  Mason,  1945).  Some  of  the  drug  is  found  in  the 
fHeces,  even  when  it  is  administered  intravenously  (Army  Malaria 
Research  Unit,  1946).  Much  of  the  drug  is  deposited  in  tissues  ;  for 
example,  the  concentration  of  mepacrine  in  the  liver  and  spleen 
may  be  10.000  to  20,000  times  as  high  as  that  found  in  the  plasma. 
Experiments  have  been  performed  to  determine  the  minimum 
plasma  concentration  of  mepacrine  necessary  to  reliev^e  the 
symptoms  and  remove  the  parasitemia  in  malaria.  In  the  case  of 
P.  vivax  infections  30  /xg.  per  litre  maintained  for  four  days  is 
sufficient,  but  50  /xg.  per  litre  maintained  for  six  days  is  necessary 
for  P.  falciparum  malaria  (Blanchard,  1947).  Oral  doses  of  the 
drug  needed  to  maintain  plasma  concentrations  above  these 
critical  levels  were  worked  out.  and  their  use  has  given  very 
satisfactory  results  in  the  treatment  of  malaria.  Ellerbrook  et  al. 
(1945)  gav'e  2.8  G.  of  mepacrine  in  one  week  to  patients  suffering 
from  malaria  and  found  an  av'erage  fasting  plasma  concentration 
of  41  to  52  /xg.  per  litre.  After  cessation  of  treatment  the  levels 
decreased  slowly,  so  that  by  four  A\reeks  after  the  beginning  of 
treatment  the  average  fasting  concentration  was  still  8  /xg.  per 
litre  (see  Fig.  21).  The  therapeutic  results  with  this  dose  were 
satisfactory.  The  plasma  concentrations  were  determined  by  the 
method  of  Masen  (1943),  which  is  sensitive  and  sufficiently  specific 
to  differentiate  between  mepacrine  and  its  fluorescent  derivatives. 
Maegraith  and  his  co-workers  (1946)  found  that,  on  a  therapeutic 
course  of  4.6  grams  of  mepacrine  over  twelve  days,  the  mean 
plasma  concentration  was  65.2  /xg.  per  litre,  with  a  range  of 
]  32-20  /x<r.  per  litre.  Up  to  80  per  cent  of  the  mepacrine  in 
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whole  blood  is  in  the  white  cell  layer  (Army  Malaria  Research 
Unit,  1946). 

Chloroquine 

This  was  discovered  and  patented  in  Germany  before  the  war 
but  was  not  then  subjected  to  intensive  biological  testing  or 
adequate  clinical  study. 

Chloroquine,  used  as  the  diphosphate,  is  rapidly  and  completely 
or  nearly  completely,  absorbed  from  the  intestine.  Some  10-20  per 
cent  of  it  is  slowly  excreted  unchanged  in  the  urine,  though  its 
excretion  is  somewhat  more  rapid  than  that  of  mepacrine. 
Considerable  amounts  are  deposited  in  certain  organs  and  tissues, 
and  it  is  concentrated  in  nucleated  cells,  particularly  those  of  the 


Fig.  21 

Fasting  plasma  mepacrine  concentrations  on  a  lame 
group  of  patients  who  received  2.8  G.  of  mepacrine 
hydrochloride  in  one  week.  The  heavy  line  indicates 
average  values,  and  the  fine  lines  indicate  one  standard 
deviation  (i.e.  includes  about  two  thirds  of  all  values). 

(After  Ellerbrook  et  al.,  1945.) 
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liver,  spleen,  kidneys  and  lungs.  These  organs  contain  from  200 
to  500  times  the  amounts  present  in  the  plasma.  The  drug  is  also 
concentrated  to  a  considerable  extent  in  leucocytes.  Hence  its 
pattern  of  distribution  is  similar  to  that  of  mepacrine.  Chloroquine 
is  metabolized  in  the  body  but  this  occurs  slowly  and  it  may  be 
detected  in  body  tissues  for  more  than  a  week  after  cessation  of  its 
administration  (Loeb,  1946). 

There  is  little  difference  in  the  toxicity  of  chloroquine  and 
mepacrine  in  animals.  In  man  no  serious  toxic  effects  have  been 
seen,  and  only  very  occasionally,  usually  with  doses  higher  than 
those  necessary  for  either  treatment  or  suppression,  have  indi¬ 
vidual  subjects  refused  to  continue  drug  administration  because 
of  unpleasant  symptoms.  The  toxic  effects  include  mild  and 
transient  headache,  visual  disturbances,  pruritus  and  gastro¬ 
intestinal  complaints  (Loeb,  1946).  Of  thirty  volunteers  who 
received  chloroquine  for  one  year  in  a  dosage  in  excess  of  that 
required  for  antimalarial  suppression,  two  developed  a  lichen-like 
eruption  similar  to  the  rash  occasionally  caused  by  mepacrine. 
The  eruption  promptly  disappeared  when  the  drug  was  dis¬ 
continued,  and  did  not  appear  again  when  these  two  patients  were 
given  chloroquine  at  a  later  period  (Craige  et  al.,  1948). 

The  Council  on  Pharmacy  and  Chemistry  (1948)  recommend  the 
following  dosage.  For  treatment  of  acute  P.  vivax  and  P.  falci¬ 
parum  infections,  an  initial  dose  of  1  G.  followed  by  an  additional 
0  5  G  after  6-8  hours  and  a  single  dose  of  0.5  G.  on  each  ol  two 
consecutive  days  (total  of  2.5  G.  in  three  days).  For  suppression 
of  P.  vivax  malaria,  a  weekly  dose  of  0.5  G.  given  at  exactly 
seven  days  interval  is  recommended. 

Comparative  Value  of  Drugs  in  Malaria 

The  malarial  parasite  in  the  human  host  can  be  affected  by 
drugs  a?  three  stages  of  its  cycle  and  the  drugs  winch  produce  an 
action  at  these  different  stages  of  P.  vivax  are  shown  in  Table  .  . 
The  modern  therapy  of  benign  tertian  malaria  is  most  comprt- 
hensivclv  reviewed  by  Monk  (1948).  He  states  that  falcipaium 
infections  present  no  real  therapeutic  difficulties,  since  tliev  can 
almost  *en  tirel v  be  prevented  by  regular  dosage  with  the  ma  n 
antimalarial  drugs,  and  quite  easily  eradicated  if  d,agnos,s  .s  mad 
early  enough  and  there  is  no  cerebral  mvoWement  toveU  « 
(,949),  however,  found  that  infection  with  an  African 
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falciparum  was  not  eradicated  by  treatment  with  proguanil  alone, 
though  combination  of  this  drug  with  mepacrine,  or  with  quinine, 
was  effective.  Similar  results  were  obtained  by  Chaudhuri  (1948) 
who  found  that  proguanil  alone  failed  to  cure  infections  due  to 
an  Indian  strain  of  P.  falciparum.  Hence  the  treatment  of  infec¬ 
tions  with  certain  strains  of  this  parasite  still  presents  some 
difficulty,  t'ovell  and  his  co-workers  also  found  that  the  clinical 
attack  was  controlled  more  rapidly  by  mepacrine  or  quinine  than 
by  proguanil,  and  this  too  may  be  of  importance  since  the 
persistence  of  serious  symptoms  in  falciparum  infections  may  lead 


Table  5 

Showing  the  drugs  effective  at  various  stages  of  the  life  cycle  of  P.  vivax 

in  man. 


Stage 

Drugs  effective 

Exo-erythrocytic 

Proguanil 

Pentaquine 

Pamaquin 

Asexual 

Quinine 

Mepacrine 

Pamaquin 

Proguanil 

Chloroquine 

Pentaquine 

Sexual 

Pamaquin 

to  %arious  complications.  The  treatment  of  malignant  tertian 
malaria  is  reviewed  by  Coveil  (1949). 

/lhe  main  problem  at  present,  however,  is  the  complete  eradica¬ 
tion  of  7.  vivax  infections  and  the  ideal  drug  capable  of 
accomplishing  this  has  yet  to  be  discovered.  What  appears  to  be 
quite  clear  is  that  no  single  drug,  given  alone,  is  satisfactory  for 
ern  e  o  established  I\  vivax  malaria.  Perhaps  of  all  the  drugs 
tiled  singly,  pentaquine  shows  the  lowest  relapse  rate,  thoufh 
comparatively  little  clinical  work  has  been  done  with  it  to  be 

wTewte  TWsi,atiT  °f  dT  have  undoubtedly  give,,  the 

combinations  n  *  pUZZ  ,ng  slnce  some  of  these  effective 
>mb, nations,  e.g.  qumme  and  pamaquin,  include  ouc  dnm 


*206 


A  NT  I MA  LA  RIA  L  DR  UGS 

(quinine)  which  is  not  supposed  to  have  any  action  on  the  exo- 
erythrocytic  stage  of  the  parasite.  If  the  cure  of  the  disease 
involves  the  complete  eradication  of  the  exo-erythrocytic  forms, 
thus  preventing  recurrence  after  cessation  of  treatment,  it  is 
difficult  to  understand  why  the  action  of  pamaquin  (or  other  drugs 
active  against  these  forms)  should  be  enhanced  by  quinine  which 
has  no  action  on  them.  It  is  possible  that  quinine  does  in  actual 
tact  potentiate  the  effect  of  drugs  active  .on  the  exo-erythrocytic 
forms.  This  question  requires  further  investigation. 

Of  the  combinations  of  drugs  tried  in  the  cure  of  V.  vivax 
malaria,  the  most  important  are  quinine  and  pamaquin,  progiuinil 
and  pamaquin,  and  quinine  and  pentaquine. 

Before  the  introduction  of  proguanil  and  pentaquine,  the 
combination  of  quinine  with  pamaquin  represented  the  standard 
course  of  treatment.  Quinine,  0.65  G.,  with  pamaquin  10  mg,  is 
given  eight  hourly  for  10-14  days,  and  produces  a  radical  cure  in 
some  80-90  per  cent  of  patients  ;  toxic  effects  are  uncommon  and 
rarely  require  modification  of  dosage. 

When  proguanil  (100  mg.)  is  combined  with  pamaquin  (10  mg.) 
and  given  8  hourly,  the  results  are  at  least  as  good  as  those 
obtained  with  the  quinine- pamaquin  course.  With  this  dosage 
side  effects  are  almost  negligible,  and  it  may  well  be  that  this  is  the 
optimum  combination  of  those  so  far  investigated. 

Preliminary  results  suggest  that  quinine  0.65  G.  and  pentaquine 
20  mg.  at  8  hourly  intervals  may  be  even  better,  but,  according  to 
Monk  (1948),  the  general  malaise  and  anorexia  of  the  great 
majority  of  patients  receiving  this  course  was  in  marked  contrast 
to  the  good  health  and  appetite  of  those  treated  with  quiniiu  - 
pamaquin.  Good  results  with  such  a  combination  in  relapsing 
cases  of  vivax  malaria  have  been  reported  by  Straus  and  Gennis 
(1948),  and  also  by  Coggeshall  and  Rice  (1949)  who  state  that 
toxic  reactions  were  not  sufficient  to  cause  concern,  and  were 
largely  those  commonly  associated  with  the  use  ot  quinine. 

Proguanil  is  of  outstanding  value  as  a  prophylactic.  In  doses  o 
100  mg.  once  daily  it  can  produce  complete  suppression  ot  all 
manifestations  of  malaria,  although  it  does  not  prevent  the  esta  >- 
lishment  of  vivax  infection.  This  treatment  may  supersede  the 
use  of  mepacrine,  and  possibly  also  chloroqume  tor  this  purpose, 
though  further  investigation  of  the  relative  value  of  these  drugs 

is  necessary. 
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Conclusions 

It  is  obvious  that  the  problem  of  malarial  control  is  not  yet 
solved,  though  great  advances  have  been  made,  and  the  discovery 
of  exo-erythroeytic  forms  in  the  liver  of  primates  should  be  a  great 
help  in  the  experimental  approach  to  the  problem.  Proguanil 
is  undoubtedly  of  great  value  as  a  suppressant,  and  its  low  toxicity 
allows  it  to  be  taken  easily  over  long  periods.  Two  other  new  drugs 
have  been  investigated  and  may  well  replaee  older  compounds. 
Chloroquine  is  less  toxic  and  more  effective  than  mepacrine  in 
the  treatment  of  malaria  and,  in  addition,  does  not  stain  the  skin. 
If  the  results  with  this  compound  are  confirmed  it  will  mean  that 
mepacrine  should  no  longer  be  used.  The  ease  of  pentaquine  is  not, 
as  yet,  convincing.  It  has  actions  similar  to  pamaquin  and  may  be 
less  toxic  and  more  effective  but  this  requires  further  investigation. 

No  single  drug  is  satisfactory  for  the  complete  cure  of  1\  vivax 
malaria.  Combinations  of  quinine,  or  proguanil,  with  pamaquin, 
or  pentaquine,  are  more  efficacious  than  any  one  drug,  and  one  of 
these  combinations  undoubtedly  represents  the  best  method  at 
present  available  for  the  treatment  of  P.  vivax  malaria.  P.  falci¬ 
parum  infections  are  much  more  easily  eradicated  and  proguanil 
is  probably  the  best  drug  for  this  purpose,  though  it  may  have 
to  be  combined  with  pamaquin  or  quinine  in  infections  writh  certain 
strains.  I  here  is  now  no  justification  for  using  quinine  alone  in 
the  treatment  of  malaria  ;  it  is  still  probably  true,  however,  that 
this  drug  acts  more  rapidly  than  any  other  in  controlling  a 
particular  attack,  though  it  has  little  or  no  effect  in  preventing 
relapses. 
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CHAPTER  9 


ANTRYCIDE 


Large  areas  of  good  pasture  lands  in  some  parts  of  Africa  are 
unsuitable  for  cattle  and  other  livestock  because  of  the  incidence 
of  trypanosomiasis  carried  by  the  tsetse  fly. 

The  disease  could  be  controlled  by  the  eradication  of  the  fly 
but  this  is  a  long  and  costly  process  which  has,  however,  already 
achieved  some  success.  Much  can  be  done  to  decrease  the  conse¬ 
quences  of  the  infection  by  improving  the  nutrition  and  water 
supply  of  the  cattle.  Nevertheless  a  drug  which  could  control 
the  disease  would  still  be  of  outstanding  value,  greatly  increasing 
the  supply  of  meat  and  other  animal  products. 

There  are  a  number  of  species  of  trypanosomes  and  their  reaction 
to  drugs  varies  greatly.  T.  congolense  is  probably  ol  greatest  sig¬ 
nificance,  though  the  recent  work  described  by  Davev  suggests  that 
T.  vivax  is  also  very  frequently  found  in  cattle.  A  great  advance 
in  the  chemotherapy  of  T.  congolense  in  cattle  came  with  the  intro¬ 
duction  of  phenanthridinium  compounds  by  Browning  and  his 
co-workers  in  1938  ;  the  most  important  of  these,  compound 
1553,  was  named  dimidium  bromide.  Antrycide,  discovered  by 
Curd  and  Davey,  represents  a  further  striking  advance  in  this  field, 
though  it  still  does  not  appear  to  be  the  complete  answer  to  this 
chemotherapeutic  problem.  Much  further  work  remains  to  be  done 
with  it  and  only  a  brief  discussion  is  possible  at  this  stage.  H  e 
are  greatly  indebted  to  Dr.  Davey  for  some  of  the  unpublished 
information  and  recommendations  given  below.  Incidenta  >, 
experimental  work  with  cattle  in  these  regions  is  not  particularly 
easy,  and  the  investigator  has  to  contend  with  a  number  ot  unusual 
difficulties,  including  sometimes  the  protection  ot  Ins  animals 

against  lions  ! 

Constitution  and  Pharmacology  .,.vl. 

Antrycide  is  the  name  given  to  4-amino-6-(2  -am  no-6  -methyl 
pvrimidyl-t'-amino)  quinaldine-1  : 1'-dtmetho  saits  and  the 
formula  is  shown  on  p.  21 1  (Curd  and  Davey,  1949). 
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Antrycide 


where  x  is  Cl(antrycide  chloride)  or  CH3S04  (antrycide  methyl- 
sulphate).  Tliese  are  both  white  crystalline  solids  which  appear 
to  have  equal  trypanocidal  activity,  once  they  are  brought  into 
contact  with  trypanosomes,  but  they  possess  widely  different 
solubilities  in  water  which  give  them  different  pharmacological 
properties.  The  methyl  sulphate  is  soluble  to  the  extent  of  about 
33  per  cent  in  water,  whereas  the  chloride  is  soluble  only  to  the 
extent  of  0.12  per  cent.  After  subcutaneous  or  intramuscular 
injection  the  chloride  is  absorbed  slowly,  the  methyl  sulphate 


The 
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concentration  of  Antrycide  in  the  plasma  of  calves 
following  subcutaneous  injection. 
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rapidly.  Spinks  (11)49)  has  developed  a  fluorimetrie  method  lor 
the  determination  of  antrycide,  and  has  determined  the  concentra¬ 
tion  of  the  drug  in  the  plasma  of  calves  following  the  subcutaneous 
administration  of  comparable  doses  (5  mg. /kg.)  of  the  chloride 
and  methyl  sulphate  (Fig.  22). 

Owing  to  its  low  solubility,  antrycide  chloride,  when  given  by 
injection,  forms  a  depot  which  is  slowly  absorbed  and  this  salt 
is  therefore  suitable  for  prophylaxis.  As  will  be  seen  below  the 
duration  of  prophylaxis  in  cattle  is  not  as  long  as  might  be 
desirable,  and  it  is  quite  likely  that  other  preparations  of  antry¬ 
cide.  giving  effective  chemotherapeutic  concentrations  for 
prophylactic  purposes,  will  be  made  and  investigated. 


Trypanocidal  Properties 

Figures  showing  the  relative  curative  activities  of  antrycide  and 
of  dimidium  bromide  in  mice  infected  with  various  strains  ol 
trypanosomes  are  shown  in  Table  6,  while  the  prophylactic  cfh<t 
of  antrycide  is  illustrated  in  Table  7. 


Table  6 


Minimum  curative  dose  ( mg./kg .)  of  antrycide  and  dimidium  bromide  in 
mice  infected  with  various  strains  of  trypanosomes. _ _ 


Drug 

T.  rhodesi- 

T.  cquiper- 

T.  equinuni 

T.  evansi 

T.  congolense 

ense 

du  in 

Antrveide 

12.5-25 

0.5 

1  .0 

2 . 5-5 

1-2 

(S.C.) 

Dimidium 

>  25 

>  25 

>25 

2-4 

bromide 

(IP-) 

Table  7 

‘infection  at  various  periods  after  the  prophylactic  dose  of  the  d^ 


<■> 


2;> 


12.5 


10/10 

8/8 

3/10 


8/8 

8/8 

0/8 


6/6 
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Toxicity 

The  methyl  sulphate  is  more  toxic  than  the  chloride  when  given 
by  subcutaneous  injection  ;  for  example,  mice  have  been  given 
more  than  1  gram/kg.  and  rabbits  more  than  200  mg./kg.  of  the 
chloride  without  any  marked  general  toxic  effect,  whereas  much 
smaller  doses  of  the  methyl  sulphate  produce  toxic  effects,  the 
M.L.D.  in  mice  being  20-30  mg./kg.  subcutaneously,  15-20 
mg./kg.  intraperitoneally,  and  10-15  mg./kg.  intravenously. 
These  differences  between  the  two  salts  are  of  course  due  to 
differences  in  solubility.  From  the  evidence  so  far  available  the 
therapeutic  index  of  the  substance  in  cattle  is  not  particularly 
high.  The  suggested  therapeutic  dose  of  the  sulphate  is  5  mg./kg. 
but  a  dose  in  excess  of  10  mg./kg.  can  be  toxic  (Wilson,  1949). 
'fhe  toxic  symptoms  sometimes  develop  quickly,  the  animal 
losing  consciousness  and  dying  two  to  six  hours  after  treatment ; 
in  other  cases  a  severe  gastro-enteritis  develops  48  hours  after 
treatment,  and  death  occurs  between  the  sixth  and  twelfth  days. 
Further  investigation  of  the  question  is  desirable.  Davey  recom¬ 
mends  that  animals  should  be  kept  as  quiet  as  possible  for  12 
hours  after  treatment,  since  undue  exertion  may  cause  fatalities. 
Local  reactions  at  the  site  of  injection  are  not  infrequent  but  are 
not  serious. 

Clinical  Use 

It  is  much  too  early  to  try  and  sum  up  the  value  of  antrycide 
in  the  prophylaxis  and  treatment  of  trypanosomiasis  in  cattle  and 
other  domestic  animals,  but  it  is  quite  clear  that  one  of  the  major 
difficulties  is  the  development  of  resistant  strains  of  the  organism. 
I  he  drug  tolerance  is  retained  when  the  strain  is  transmitted  to 
( h  an  animals  by  the  subinoculation  of  blood,  and  drug  tolerant 
strains  of  infection  are  not  eradicated  by  full  curative  doses  of  the 
drug.  This  makes  it  particularly  important  that  the  drug  should 
not  be  mishandled,  and  that  it  should  be  given  for  both  prophy¬ 
lactic  and  therapeutic  purposes  in  doses  which  will  truly  kill  all 
organisms  in  the  body  and  not  allow  of  the  development  of 
resistant  strains.  This  is  all  the  more  important  since  there  is 
evidence  that  organisms  resistant  to  antrycide  are  resistant  also 
to  curative  doses  of  dimidium  bromide  (Wilson,  1949)  This  is 

rather  unexpected  and  further  investigation  of  this  question  is 
necessary.  n 
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It  seems  quite  clear  that  in  full  therapeutic  doses  (5  mg./kg. 
of  the  methyl  sulphate  subcutaneously)  antrycide  is  curative 
against  primary  infections  of  trypanosomiasis  due  to  T.  congolense. 
It  has  also  been  used  successfully  against  some  strains  of  T.  vivax 
but,  according  to  Davey,  more  information  is  required  before  a 
sound  general  picture  of  the  behaviour  of  T.  vivax  towards 
antrycide  can  be  formed. 

The  preliminary  results  of  a  large  held  trial  of  antrycide  started 
in  January,  1949,  in  the  Southern  Sudan  are  interesting  (personal 
communication  from  Mr.  J.  T.  R.  Evans).  In  this  extensive  area 
believed  to  be  free  from  tsetse  Hies,  20-30  per  cent  of  the  cattle 
showed  symptoms  of  trypanosomiasis  ;  T.  congolense  was  res¬ 
ponsible  for  most  of  the  cases  and  T.  vivax  for  the  remainder.  The 
plan  was  to  treat  all  the  cattle  in  an  area  in  order  to  ensure  that 
the  subclinical  as  well  as  the  clinical  cases  were  inoculated.  It 
was  thus  hoped  to  produce  an  extensive  block  of  cattle  that  was 
virtually  free  from  trypanosomiasis. 

By  the  end  of  June,  1949,  200,000  cattle  in  nn  area  of  about 
20,000  square  miles  had  been  inoculated  with  antrycide  sulphate 
given  subcutaneously  as  a  15  per  cent  solution  at  an  estimated 
dosage  of  5.0  mg./kg.  About  10.000  of  the  cattle,  many  of  them 
from  the  worst  infected  herds,  were  inspected  3—4  months  alter 
treatment  and  were  seen  to  be  in  good  condition.  Blood  examina¬ 
tions  of  representative  groups  in  many  herds  were  made  but  no 


trypanosomes  were  found. 

About  a  quarter  of  the  treated  cattle  showed  copious  salivation 
which  lasted  for  several  hours.  Two  or  three  animals  in  a  thousand 
collapsed  immediately  after  inoculation  but  most  of  them  recovered 
an  hour  or  two  afterwards.  Early  in  the  campaign  a  few  young 
calves  collapsed  and  died  within  24  hours  and  it  was  then  decided 
not  to  inoculate  any  more  under  the  age  ot  six  months. 

It  should  be  noted  that  very  good  results  have  been  obtained 
with  dimidium  bromide  in  the  treatment  of  cattle  infected  with 
T.  congolense  in  the  Southern  Sudan  (Evans,  1948).  Over  350,000 
cattle  were  treated  in  one  area  and  the  mortality  l rora  trypano¬ 
somiasis  reduced  from  alarming  proportions  to  negligible  numbers 
Symptoms  of  photosensitization  appealed  in  sonic  o  *<-’  lca 
cattle,  particularly  among  those  which  were  short  of  loocl  and 

water  after  administration  ot  the  (hug.  .  .  e  ■  . 

The  prophylactic  effect  of  antrycide  methylsulphate  is  inferior 
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that  of  the  chloride,  but  since  it  should  be  assumed  that  under 
general  field  conditions  some  at  least  of  the  cattle  being  injected  lor 
prophylactic  purposes  may  be  infected  with  trypanosomes,  a 
mixture  of  the  two  salts  providing  both  a  curative  and  a  prophy¬ 
lactic  action  should  be  used  in  prophylaxis.  It  appears  that 
protection  against  T ,  congolense  lasts  for  4—6  months,  but  against 
other  species  such  as  T.  vivax  the  period  of  protection  may  be 
much  shorter  in  a  proportion  of  animals.  The  period  that  may  be 
allowed  to  elapse  between  treatments  will  vary  in  different  areas, 
but  in  most  areas  it  seems  the  treatment  ought  to  be  given  about 
four  times  a  year.  This  is  not  usually  feasible  in  practice  under 
the  conditions  prevailing  in  infected  areas,  but  it  is  possible  that 
the  production  of  a  form  of  the  drug  which  produces  an  effective 
depot  for  longer  periods  may  lead  to  a  solution  of  this  problem. 
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CHAPTER  10 


CHEMOTHERAPY  OF  MALIGNANT 

DISEASE 

The  rapid  progress  in  the  chemotherapy  of  bacterial  infections, 
which  at  one  time  seemed  impossible  of  achievement,  has  en¬ 
couraged  the  hope  that  similar  methods  might  be  of  value  in 
dealing  with  the  growth  of  malignant  cells.  It  is  generally  accepted 
that  bacteria  can  be  specifically  influenced  by  certain  substances 
in  the  body,  because  their  metabolism  is  different  from  that  of  the 
host  organism  and  is  therefore  decisively  affected  by  substances 
which  have  little  or  no  effect  on  the  metabolism  of  the  host  organism. 
It  should,  in  the  same  way,  be  possible  to  influence  specifically 
the  metabolism  of  malignant  cells  which  must  surely  differ 
significantly  from  that  of  normal  cells  :  it  is,  at  least,  difficult  to 
explain  otherwise  the  relative  independence  from  their  environ¬ 
ment  which  malignant  cells  show  in  their  growth  processes.  At 
the  same  time  it  must  be  admitted  that  little  progress  has  been 
made  in  elucidating  in  what  way  the  metabolism  of  malignant  cells 
differs  from  that  of  their  normal  neighbours,  though  such  know¬ 
ledge  should  form  the  basis  of  a  rational  attack  on  the  problem. 
Greenstein  (1947)  discusses  differences  between  enzyme  systems 
of  normal  and  malignant  tissues.  Such  advances  in  the  chemo¬ 
therapy  of  cancer  as  have  been  made  have  resulted  essentially 
from  an  approach  not  based  on  knowledge  of  metabolism,  and  they 
have  not,  so  far,  resulted  in  the  discovery  of  any  substance  which 
w'ill  cure  any  form  of  malignant  disease.  Nevertheless  they  are 
interesting  and  some  of  them  may  pave  the  way  lor  nioie 
important  advances  of  theoretical  or  practical  interest.  It  must 
not  be  forgotten  that  the  discovery  of  the  sulphonamides,  based  as 
it  was  on  an  essentially  empirical  scheme  of  investigation,  preceded 
the  formulation  of  the  theory  which  is  believed  to  account  for 
the  action  of  these  substances. 

Selective  Actions.  One  point  of  interest  is  that  the  drugs  so  far 
discovered  which  have  an  effect  on  tumour  growth  do  not  affect 
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all  forms  of  tumours  equally.  On  the  contrary,  they  appear  to 
exert  a  rather  selective  action  on  a  particular  type  of  tumour. 
Thus  oestrogens  inhibit  the  growth  of  cancer  of  the  prostate, 
nitrogen  mustard  acts  in  Hodgkin’s  disease,  urethane  is  effective 
in  leukaemia,  etc.  All  these  substances,  therefore,  do  not  act  on  a 
metabolic  activity,  or  enzyme  system,  peculiar  to  malignant  cells, 
but  rather  each  of  them  appears  to  affect  a  metabolic  function  of 
a  particular  type  of  abnormal  growth.  It  is  possible  that  ultimately 
a  substance,  or  substances,  will  be  found  which  acts  more  or  less 
equally  on  all  types  of  tumours.  In  the  meantime,  however,  it  is 
important  that  drugs  which  are  being  considered  as  potential 


therapeutic  agents  for  cancer  should  be  tested  against  a  wide  range 
of  tumours.  Boyland  (1948),  who  emphasizes  this  point,  suggests 
that  such  substances  should  be  investigated  not  only  against  a  well 
established  transplantable  tumour,  such  as  the  Walker  rat  car¬ 
cinoma,  but  also  against  series  of  tumours  in  mice,  including  a 
mammary  carcinoma,  a  sarcoma,  a  hepatoma,  a  prostatic  car¬ 
cinoma,  a  lung  tumour,  a  lymphosarcoma,  a  gastric  carcinoma, 
and  a  leukaemia.  Such  widespread  testing  of  their  activity  would 
be  more  likely  to  reveal  an  action  against  a  particular  type  of 
tumour  in  the  same  way  as  the  testing  of  antibiotics  against  a 
range  of  micro-organisms  has  led  to  the  discovery  of  substances 
which  act  specifically  on  certain  types  of  bacteria. 

Types  of  Substances  Used.  It  is  interesting  that  the  main 
substances  so  far  found  of  some  value  in  the  treatment  of  malignant 
disease  can  be  divided  into  two  groups,  namely  (1)  those  that  affect 
the  activity  of  the  nucleus,  i.e.  nitrogen  mustard,  radiophosphorus, 
urethane,  and  (2)  those  that  prevent  the  production ,  or  antagonize 
the  action,  of  a  specific  hormonal  growth  stimulus,  i.e.  oestrogens- 
and  androgens.  b 

The  substances  in  the  first  group  also  affect  growth  of  normal 
re  Is,  but  their  action  on  certain  malignant  cells  is  more  marked 
This  applies  too,  to  radiations,  viz.  X-rays  and  radium,  which 
probably  also  have  a  rather  selective  action  on  the  nucleus  of  some 
forms  of  malignant  cells,  and  are  of  value  in  the  treatment  of 
cancer  l  urther  investigations  into  the  activity  of  the  cell  nucleus 
nd  of  substances  which  modify  this  activity,  may  well  lead  to 
progress  of  value  in  the  control  of  malignant  cells.  ‘ 

the  hormonal  substances,  oestrogens  and  androgens  hnw 
proved  of  value  only  in  malignant  disease  involving  sex  organs, 
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namely  the  prostate  and  the  breast.  Cancer  of  these  organs  is 
peculiar  in  that  its  growth  is  stimulated  by  steroid  hormones 
normally  produced  in  the  body  ;  the  inhibition  of  this  stimulus  by 
the  appropriate  substance  will  therefore  decrease  or  even  tempor¬ 
arily  arrest  the  growth  of  the  malignant  process.  It  is  not  known 
how  the  steroid  hormones  stimulate  the  growth  of  the  sex  organs 
but  it  is  quite  possible  that  their  action  is  exerted  on  the  cell 
nucleus  ;  if  this  is  so,  then  the  appropriate  inhibitors  would  also 
presumably  act  on  the  nucleus,  thus  acting  on  the  same  site 
in  the  cell  as  the  first  group  of  substances.  An  additional  point 
deserves  consideration.  It  is  probable  that  the  growth  of  cancer 
cells  in  sites  other  than  the  sex  organs  is  also  under  the  control 
of  one  or  more  substances.  Investigations  of  such  possible  growth 
factors,  and  of  suitable  antagonists,  is  one  method  by  which 
chemotherapeutic  substances  active  against  cancer  might  be  dis¬ 
covered.  In  this  connection  the  work  which  is  at  present  in 
progress  on  the  effect  of  lolic  acid  and  its  antagonists  on  malignant 
growth  is  of  special  interest.  This  work  is  still  in  its  early  stages, 
but  it  has  already  been  shown  that  temporary  remission  in  acute 
leukaemia  can  be  produced  by  the  administration  of  several  folic 
acid  antagonists  (Farber,  1949  ;  Dameshek,  1949).  The  use  of  folic 
acid  antagonists  in  neoplastic  disease  is  reviewed  by  Thiersch  and 
Philips  (1949).  Several  4-amino-folic  acids  have  been  used,  viz. 
Aminopterin  (0.5-1  mg.  per  day),  Amethopterin  (3-5  mg.  per  day) 
and  Amino-an-fol  (25-50  mg.  per  day).  Folic  acid  antagonists  are 
also  discussed  in  Chap.  15,  as  are  the  interesting  experimental 
findings  with  a  purine  antagonist. 


(Estrogens  and  Androgens 

These  have  been  used  in  the  treatment  of  certain  forms  of 
cancer  involving  the  sex  organs.  The  most  striking  effects  have 
been  seen  with  .estrogens  in  cancer  of  the  prostate,  tho,«h£» 
here  the  condition  is  only  temporarily  controlled.  O.strogens, 
as  well  as  androgens,  have  also  been  used  in  cancer  of  the  breast, 
but  the  effects  are  not  marked  and  do  not  last  ven  long. 


r’tinrer  of  the  Prostate  .  • 

C  Huggins  (1942)  showed  that  in  this  condition  castration 

frcmontlv  followed  by  a  sustained  inhibition  of  the  disease.  Th 

is^nost  strikhig  hi^eases  where  the  neoplasm  is  an  adeno-eareinoma, 
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while  in  undifferentiated  carcinomas  the  improvement  is  slight  or 
nil.  The  growth  of  malignant  prostatic  tissue,  both  primary  and 
secondary,  is  stimulated  by  androgens  and  it  is  to  be  presumed 
that  this  stimulant  action  is  quite  marked  in  the  prostatic  adeno¬ 
carcinoma  and  slight  or  absent  in  the  undifferentiated  type  of 
tumour.  A  reduction  in  the  effects  of  androgenic  stimulation  can 
also  be  produced  by  the  administration  of  oestrogens,  which 
probably  produce  this  effect  by  at  least  two  mechanisms,  viz.  : — 

(1)  By  an  inhibition  of  the  pituitary  followed  by  a  cessation 
of  testicular  androgenic  secretion,  which  is  controlled  by  the 
pituitary.  This  is  thus  equivalent  to  castration  as  far  as  the 
internal  secretory  activity  of  the  testes  is  concerned. 

(-)  By  an  inhibition  of  the  action  of  testosterone  on  the  prostate. 
It  is  well  known  that  oestrogens  can  inhibit  the  actions  of  andro¬ 
gens  on  a  number  of  sex  organs.  It  is  possible,  in  addition,  that 
oestrogens  may  have  a  direct  action  on  the  growth  of  malignant 
tissue,  though  this  effect  is  probably  slight.  Horning  (1949)  has 
produced  experimental  prostatic  tumours  in  mice,  by  implanting 
subcutaneous  grafts  of  prostatic  epithelium  impregnated  with 
methyl  cholanthrene,  and  studied  the  effect  of  stilboestrol  on  their 


growth. 


j  v.  in  uuaw  oi  zu  mfj. 

compounds  are  eliminated  from  the 
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body  much  more  slowly  than  stilboestrol  and  hence  a  constantly 
high  and  effective  concentration  can  more  easily  be  maintained 
with  such  compounds. 

The  prolonged  administration  of  these  large  doses  of  oestrogen 
produce  unpleasant  side  effects  which  are,  of  course,  of  minor 
importance  in  such  a  serious  condition.  The  breasts  become 
enlarged  and  often  painful ;  atrophic  changes  occur  in  the  testes, 
with  arrest  of  spermatogenesis  ;  there  may  also  be  oedema  which 
affects  the  lower  extremities  and  may  involve  the  scrotum  and 
penis  (Wattenberg  and  Rose,  1945).  Occasionally  vertigo  occurs, 
and  this  may  be  the  precursor  of  a  cerebral  catastrophe  (Fergusson, 
1946). 

Acid  Phosphatase.  Androgens  stimulate  the  secretion,  by  the 
prostate,  of  an  enzyme,  acid  phosphatase,  which  catalyses  the 
splitting  of  phosphoric  acid  from  certain  phosphoric  esters,  and 
produces  its  optimum  effect  in  an  acid  medium  of  pH  5.0.  The 
enzyme  is  probably  secreted  by  the  acinar  epithelium,  and  high 
concentrations  of  it  are  present  in  the  prostate  ol  adults,  but  not 
of  children  (Gomori,  1941).  Under  normal  conditions  the  amount 
of  acid  phosphatase  in  the  plasma  is  low.  It  is  markedly  increase 
in  cancer  of  the  prostate  with  secondaries,  but  not  if  secondaries 
are  absent  (Gutman,  1942).  The  amount  of  acid  phosphatase  in 
the  plasma  can  therefore  be  used  as  a  diagnostic  procedure,  and 
also  as  an  index  of  the  response  to  treatment,  by  castration  or  by 
the  administration  of  oestrogen  (Dean  et  al.,  1944;  Watkmso 
,/  1944) 

The  polarographic  method  (see  p.  846)  has  also  been  Used  as  an 
empirical  aid  in  the  diagnosis  of  cancer  of  the  prostate,  and 
assessing  the  value  of  treatment.  Typical  curves  (polarograms 
are  obtained  with  the  serum  of  normal  subjects,  and  abnormal 
"rves  aie  frequently  seen  in  patients  suffering  from  cancer  (and 
certain  other  conditions).  The  clinical  improvement  obseivcd 

1  The  effect  of  stilboestrol  does  not  continue  mdcflnitely.  Pat'^ 
who  show  a  satisfactory  initia.1  response  as  judgec  by  c  - 

chemical  and  histological  criteria,  often  relapse  qul 
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as  if  the  sensitivity  to  oestrogen  was  abruptly  lost  (Fergusson, 
1946).  The  reason  for  this  is  unknown. 

Cancer  of  the  Breast 

Both  (estrogens  and  testosterone  propionate  have  been  used  in 
the  treatment,  ot  this  condition  (Council  on  Pharmacy  and 
Chemistry,  1947  and  1949  ;  Adair  et  al .,  1949).  It  is  emphasized 
that  hormone  therapy  should  be  reserved,  in  everyday  clinical 
practice,  for  patients  in  whom  the  possibilities  of  adequate  surgical 
treatment  and  careful  roentgen  irradiation  have  first  been  fully 
utilized  and  have  given  clear  evidence  of  being  no  longer  of  benefit. 
Testosterone  may  be  of  value  at  any  age  in  patients  with  metastatic 
lesions.  The  favourable  effects  of  oestrogens,  on  the  other  hand, 
are  confined  to  soft  tissue  manifestations  in  older  women,  and 
(estrogens  should  not  be  given  to  any  patient  who  is  still  menstru¬ 
ating  or  who  has  menstruated  within  a  period  of  five  years,  as  this 
may  actually  accelerate  the  rate  of  growth  of  the  carcinoma.  The 
most  suitable  patients  for  oestrogen  therapy  are  about  sixty  years 
of  age  or  over.  Any  effect  produced  with  androgen  or  oestrogen  is 
always  temporary  and  ultimately  the  malignant  process  pursues  its 
remorseless  course.  The  mode  of  action  of  the  drugs  is  by  no  means 
clear.  There  is  evidence  that  ovariectomy  can  be  of  value  in  cancer 
of  the  breast,  presumably  because  the  oestrogen  secreted  by  the 
gonads  stimulates  the  growth  of  the  malignant  as  well  as  the 
normal  mammary  tissue,  and  this  stimulus  is  no  longer  present 
when  the  ovaries  arc  removed.  Testosterone  will  have  a  similar 
etlect.  by  antagonizing  the  action  of  oestrogens  on  the  growth  of  the 
malignant  tissue.  In  addition,  testosterone  will  also  have  an  in¬ 
direct  effect  on  bony  metastases,  by  increasing  the  sclerosis  in  the 
local  bone  lesion  ;  this  is  due  to  the  laying  down  of  osteoblasts 
(Adair,  1948).  Kxperimental  evidence  on  the  action  of  androgens  on 
tumours  is  reviewed  by  Huggins  (1947).  The  mode  of  action  of 
oestrogens  is  even  more  obscure.  The  effect  is  possibly  exerted 
directly  on  the  tumour,  since  the  administration  of  oestrogen  will 
inhibit  the  growth  of  a  transplanted  sarcoma  in  rats  (Robson  and 
Scott,  unpublished  observations),  a  finding  which  led  to  the 
investigation  of  oestrogens  in  various  types  of  cancer  by  Haddow 
and  his  co-workers.  The  mode  of  action  of  oestrogens  requires  and 
deserves,  further  study. 

Adair  (1948)  reviews  the  literature  on  the  use  of  androgen  in 
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demonstrated  experimentally.  For  example,  if  the  vaginal 
epithelium  is  treated  with  one  ol  these  substances,  mitosis  is 
inhibited  for  a  long  period  during  which  time  the  epithelium  will 
not  respond  by  growth  to  the  administration  of  oestrogen.  This 
action  can  also  be  seen  in  lower  forms  of  life.  Thus  exposure  ot 
yeast  cultures  to  mustard  gas  produces  an  immediate  reduction 
in  growth  rate  which  persists  through  several  generations.  There 
is  much  evidence  that  these  effects  are  exerted  on  the  cell  nucleus, 
and  the  mutagenic  action  of  these  substances  will  be  discussed 
in  Chap.  1 1 . 

There  has  been  much  speculation  as  to  why  these  substances 
are  so  active  on  the  nuclei  of  growing  cells.  It  has  been  attributed 
to  their  ability  to  form  cyclic  onium  cations,  which  are  extremely 
reactive  with  various  groups  present  in  tissues,  e.g.  amino,  imino, 
imidazol,  sulphvdryl,  etc. 

The  cyclic  reaction  for  nitrogen  mustard  is  as  follows  : — 


,CH2.CH2.C1 


cii3n 


\ 


\ 


\:h2.ch2.ci 


Cl 


Nitrogen  Mustard 


ch2  Cl. 


Cyclic  compound 


II  this  is  indeed  the  mechanism  of  their  action,  the  wonder  is 
not  that  effects  are  produced  but  that,  in  low  concentrations,  such 
comparatively  specific  effects  can  be  obtained  on  the  nuclear 
material.  In  part  this  may  be  due,  as  Boyland  (1946)  has  suggested, 
to  the  fact  that  they  are  lipoid  soluble  substances  of  low  molecular 
weig  it.,  which  penetrate  readily  into  the  cell  where  they  combine 

with  essential  cell  constituents,  which  prevents  their  rapid 
removal.  ^ 


These  substances  are  capable  of  inactivating  enzymes 
and  his  co-workers  have  obtained  much  evidence 


and  Dixon 
that  their 
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vesicant  action,  at  least,  is  closely  connected  with  their  capacity 
to  inactivate,  almost  specifically  in  low  concentrations,  certain 
enzymes  (phosphokinases)  which  are  concerned  with  the  transfer 
of  phosphate  to  and  from  compounds  of  adenylic  acid  (Dixon  and 
Needham,  1940).  It  is  likely,  however,  that  effects  on  the  nucleus 
can  be  produced  by  concentrations  of  these  vesicants  lower  than 
are  necessary  to  affect  the  phosphokinases.  It  is  also  possible 
that  other  enzymes,  e.g.  peptidase,  are  involved  in  the  nuclear 
actions. 

Clinical  Results.  The  action  of  the  chloroethylamines  on  growing 
tissues  led  to  the  investigation  of  their  value  in  malignant  disease. 
This  had  previously  been  attempted  by  Berenblum  (1931)  with 
mustard  gas,  but  the  results  he  obtained  experimentally  in  mice 
were  not  satisfactory.  Gilman  in  America  (1946)  and  Wilkinson  in 
Britain  (1947),  and  their  collaborators,  initiated  clinical  investiga¬ 
tions  with  nitrogen  mustards,  which  have  the  advantage  that  their 
hydrochlorides  are  solids  freely  soluble  in  water.  Most  of  the  work 
has  been  done  with  methyl-few  (/3-chloroethvl)  amine  hydro¬ 
chloride.  Experimental  investigations  with  other  similar  com¬ 
pounds  have  not  so  far  led  to  the  discovery  of  any  more  effecti\e 
substances  (Shapiro  et  al,  1949).  The  effects  have  been  in¬ 
vestigated  in  a  number  of  neoplastic  and  proliferative  diseases  of 
the  luemopoietic  and  lymphatic  tissues,  viz.  Hodgkin  s  disease, 
leukaemia,  lymphosarcoma,  polycytfuemia  vera,  etc.  (W  ilkinson 
and  Fletcher,  1947;  Wintrobe  et  al,  1947;  ApThomas  and 
Cullumbine,  1947;  Zanes  et  al,  1948).  Interesting  experimental 
results  in  animals  have  also  been  obtained  by  Karnofskv  it  a. 
(1947)  and  Boyland  (1948).  The  most  satisfactory  clinical  results 
have  been  obtained  in  Hodgkin's  disease  in  which  the  treatment 
usually  produces  a  remission  lasting  several  months  :  there  is 
reduction  of  the  gland  masses,  regression  of  the  enlarged  liver  and 
spleen,  and  a  great  improvement  in  the  general  condition. 
Favourable  effects  have  also  been  seen  in  chronic  myeloid  leukiemia 
and  in  polycythemia  vera.  Cancer  of  the  lung  too,  occasiona  y 
responds  to  this  treatment  (Boyland  et  al,  1948  ;  karnofsky  et  al, 
1948  ;  Brown  and  Davis,  1949).  The  effects  are  m  all  case 
temporary  and  the  treatment  must  be  repeated  every  few  weeks  o 
months  as  in  the  case  with  X-rays.  Ultimately  the  disease  runs  ,  s 
usual  course.  The  histological  changes  found  in  patients  w  ho 
treated  with  nitrogen  mustard  are  described  by  Spitz  (1948). 
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Nitrogen  mustard  is  given  in  a  dose  of  0.1  nig.  per  kg.  ot  body 
weight,  repeated  on  consecutive  or  alternate  days  until  3-6  doses 
have  been  given.  It  is  a  highly  toxic  substance  which  has  to  be  used 
with  great  care,  and  given  truly  intravenously,  as  the  introduction 
of  the  slightest  amount  of  nitrogen  mustard  into  the  tissues  outside 
the  vein  will  cause  a  severe  local  reaction.  Nausea  and  vomiting 
usually  come  on  within  a  few  hours,  and  anorexia  and  headache 
are  very  common.  Leucopenia  and  some  anaemia  are  produced, 
but  these  effects  are  temporary  and  after  about  five  weeks  haemo¬ 
poiesis  is  back  to  normal.  With  overclosage,  however,  serious 
destruction  of  blood  forming  and  lymphatic  tissue  may  occur 
leading  to  aplastic  anaemia.  At  present  the  use  ot  nitrogen  mustard 
is  likely  to  be  restricted  to  Hodgkin’s  disease.  Its  effect  is  similar 
to  that  of  X-rays  which,  according  to  some  investigators,  is  still 
the  better  method  of  treatment  with  fewer  toxic  effects.  Nitrogen 
mustard  can,  however,  still  be  of  value  in  cases  where  radiotherapy 
has  been  abandoned.  According  to  Dameshek  et  al.  (1949)  a  course 
of  nitrogen  mustard  may  restore  the  radiosensitivity  of  the 
malignant  tissue. 

Urethane 

This  substance  has  long  been  known  as  a  mild  hypnotic  and  in 
1910  Warburg  showed  that  it  inhibited  cell  division  and  nuclear 
division  of  the  eggs  of  sea  urchins.  Dustin  (1947)  discusses  the 
effects  of  urethanes  and  related  substances  on  cellular  division. 

Haddow  and  Sexton  (1946)  studied  the  effect  of  phenyl  urethane, 
and  then  of  urethane,  on  the  growth  both  of  spontaneous  and  of 
transplantable  cancer  in  mice  and  observed  an  inhibitory  action. 
Urethane  had  the  more  marked  effect  on  the  transplantable 
tumour  and  this  was  accompanied  by  a  profound  modification  in  its 
histological  appearance,  the  characteristic  cellular  structure  giving 
place  to  a  more  fibrous  structure  with  an  abundant  stroma. 
Lushbaugh  et  al.  (1948)  studied  the  effects  of  urethane  on  the 
healing  ol  experimental  wounds  in  rats,  and  came  to  the  conclusion 
that  the  chief  mechanism  by  which  this  substance  retards  neo¬ 
plastic  growth  is  probably  by  producing  an  inhibition  of  capillary 
proliferation.  An  inhibitory  effect  of  urethane  on  lymphatic 
leukaemia  in  rats  has  been  demonstrated  by  Murphy  and  Sturm 
(1947).  The  mode  of  action  of  urethane  is  not  really  known.  One 
interesting  suggestion  made  by  Todd  is  that  it  competes  with  some 
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natural  amine  in  the  synthesis  of  nucleotides,  an  elfect  which 
might  well  account  for  its  actions  on  the  nucleus  (see  Haddow, 

1948). 

It  is  of  interest  that  urethane  can  also  cause  the  appearance  of 
certain  types  of  tumours.  This  was  first  observed  by  Nettleship  and 
Henshaw  (1943),  who  found  that  the  administration  of  minimal 
anaesthetizing  doses  to  mice  of  the  C3H  strain  increased  the 
incidence  of  lung  adenomata  from  5  per  cent  to  more  than  75  per 
cent.  Jaffe  (1947)  observed  the  same  type  of  effect  in  rats,  in 
which  animals  spontaneous  lung  tumours  occur  less  frequently. 
All  these  tumours  are  benign,  hut  Noble  and  Miller  (1948)  have 
apparently  induced  malignant  tumours  in  mice  by  the  administra¬ 
tion  of  urethane  in  a  5  per  cent  solution  of  zinc  acetate. 

Clinical  Results.  When  urethane  was  administered  to  patients 
suffering  from  cancer  the  results  were  negative.  It  was  observed, 
however,  that  it  produced  a  fall  in  the  leucocyte  count  and  this 
led  to  its  trial  in  leukaemia  and  other  lymphadenopathies.  It  was 
found  that  urethane  produces  remarkable  effects  in  leukaemia 
(Paterson  et  al.,  1946).  In  the  most  favourable  cases  the  leucocyte 
count  falls  to  within  normal  limits,  there  is  a  diminution  in  the  size 
of  the  spleen  and  enlarged  lymph  glands,  and  a  rise  in  the  haemo¬ 
globin  level.  These  findings  have  been  confirmed  by  a  number  of 
observers  (see  Lancet,  1948  ;  Ilirschboeck  et  al.,  1948  ;  Creskoff 
et  al.,  1948).  It  is  clear  that  the  drug  is  most  effective  in  chronic 
myeloid  leukaemia  and  useless  in  the  acute  leukaemias. 


Favourable  results  have  also  been  reported  in  patients  with 
multiple  myeloma.  Fever,  skeletal  pain  and  acute  symptoms 
subsided  after  two  to  four  weeks  of  therapy.  The  blood  condition 
was  greatly  improved.  The  serum  protein  abnormalities  character¬ 
istic  of  the  disease  became  less  pronounced  or  disappeared  as  did 
the  albuminuria  and  Bence-Jones  proteinuria  (Loge  and  Bundles, 
1949).  The  long  term  results  of  urethane  therapy,  however,  still 
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There  is  also  some  sedative  action  which  is  usually  an  advantage. 
The  blood  picture  should  constantly  be  watched  as  agranulo¬ 
cytosis  can,  very  occasionally,  occur.  The  comparative  values  ol 
urethane,  radiation  and  nitrogen  mustard  in  the  treatment  of 
leukaemia  remain  to  be  determined.  Some  aspects  of  this  are 
discussed  by  Piney  (1948). 


daily  urethane  dose  (in  grams) 


Fig.  24 


Showing  the  effects  of  urethane  treatment  in  a  case  of  chronic 
myelogenous  leukaemia. 

.  White  cell  count. 

X - X  Haemoglobin. 

o  Sue  of  spleen  in  cm. 

(After  Creskoff  et  a 1948.) 


Radio  Phosphorus 

This  isotope  of  phosphorus  has  an  atomic  weight  of  32  and  emits 
Jnly  beta  radiation.  It  has  a  half  life  of  14.3  days.  It  has  been 
fed,  in  the  form  of  inorganic  phosphate,  in  a  number  of  con- 
htions  involving  the  haemopoietic  and  lymphatic  system,  as  a 
nethod  of  applying  radiation  to  the  affected  areas.  X-rays  have 
>een  used  for  these  conditions  for  many  years  and  the  radiation 
s  then  applied  over  the  whole  body.  Radio  phosphorus  could  only 
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be  more  effective  than  X-rays  if  it  were  selectively  picked  up  and 
concentrated  by  the  malignant  tissue.  It  would  be  expected  that 
rapidly  dividing  tissues  would  take  up  phosphorus  more  quickly 
than  others.  There  is  some  support  for  this  in  the  investigations 
of  Erf  et  al.  (1941),  who  found  that  leukamiie  cells  in  the  blood 
retain  radio  phosphorus  in  greater  concentrations  than  normal 
white  blood  cells.  The  differences  are,  however,  not  very  marked 
and  it  is  possible,  as  Rhoads  has  pointed  out,  that  more  selective 
effects  on  malignant  cells  might  be  produced  by  incorporating 
the  radioactive  substance  in  an  organic  compound,  and  this 
possibility  is  at  present  being  studied. 

Absorption  and  Excretion.  Erf  et  al.  (1941)  have  studied  the 
rate  of  absorption  and  excretion  of  radio  phosphorus.  \\  hen  given 
orally,  more  is  excreted  in  the  freces  than  in  the  urine.  In  the 


first  six  days  following  its  administration  about  one  quarter  to 
one  half  of  the  dose  given  could  be  recovered  in  the  excreta. 
The  maximum  plasma  concentration  was  seen  before  the  second 
hour  after  administration  ;  after  24  hours  lower  levels  were 
observed  which  gradually  tapered  ofl  to  near  the  zero  le\el  on  the 
eighth  day.  When  the  drug  is  given  intravenously  much  more  is, 
as  would  be  expected,  excreted  in  the  urine  than  in  the  feces,  but 
the  total  amount  excreted  in  the  first  six  days  following  the 
administration  was  about  the  same  as  when  the  drug  was  given 
orally.  The  maximum  plasma  level  was  higher  than  with  oral 
dosage,  but  fell  rapidly.  Much  higher  concentrations  were, 
however,  found  in  the  white  cells,  especially  in  leuksemie  patients, 
and  these  high  levels  were  maintained  for  over  a  week.  With  both 
methods  of  administration  normal  people  excreted  radio  phos¬ 
phorus  much  more  rapidly  than  did  patients  suffering  roni 
leukaemia  during  the  first  48  hours  after  administration.  After 
that  interval,  the  rates  of  excretion  were  similar  in  both  groups. 
Erf  (1942)  studied  the  distribution  of  radio  phosphorus  in  patients 
who  died  from  leukaemia  ;  his  findings  show  that  radio  phosphorus 
concentrates  in  greatest  quantities  in  those  tissues  which  are  mo 
frequently  infiltrated  with  leuksemie  cells 

Clinical  Results.  The  best  results  with  radio  P>«>sPho™s 
been  obtained  in  polycythemia  vera  and  it  is  pvobabh 
therapeutic  agent  at  present  available  for  tins  com  *»«.  -  1  " 

also  been  used  in  chronic  leukaemia,  particula  v  m  ,  atien  s 
tolerant  of  or  resistant  to  roentgen  radiation.  It  is  of  no  all 
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acute  leukaemia,  Hodgkin’s  disease,  or  in  cancer  of  various  organs 

(Doan  et  al.,  1947  ;  Mitchell,  1947). 

There  are  great  variations  in  the  susceptibility  to  internal 
radiation  of  different  individuals  and  tissues,  and  the  dosage  must, 
as  Doan  et  al.  (1947)  have  emphasized,  be  carefully  adjusted  to 
each  patient’s  needs.  According  to  these  investigators  radio 
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Fig.  25 

Showing  the  distribution  of  radio  phosphorus  (P32)  in  blood  fractions 
of  normal  subjects  and  of  patients  with  leukaemia.  Note  the  relativelv 
h.gh  concentrations  in  the  white  cells  in  patients  with  leukaemia 
especially  when  given  intravenously. 

(After  Erf  et  al.,  1941.) 
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phosphorus  should  be  given  in  small,  well  spaced  doses,  and  a 
careful  examination  of  the  blood  and  bone  marrow  should  be 
performed  frequently,  to  ensure  the  integrity  of  normal  haemo¬ 
poiesis.  The  material  can  be  given  orally,  but  it  is  considered  more 
satisfactory  to  inject  intravenously,  and  this  is  certainly  in 
agreement  with  the  findings  on  the  uptake  of  radio  phosphorus  by 
the  white  cells  (Erf  et  al.,  1941).  The  dose  usually  given  is  of  the 
order  of  0.5-2  millicuries  and  this  may  be  repeated  several  times 
over  a  period  of  months.  More  frequent  doses  of  1-2  millicuries 
have  been  used  by  Lawrence  and  his  co-workers  (Lawrence  et  al., 
1948)  in  the  treatment  of  chronic  myelogenous  leukaunia. 

Other  radioactive  isotopes,  e.g.  radio  sodium  (Evans  et  al., 
1948),  have  been  used  for  the  treatment  of  blood  conditions,  but 
these  substances  do  not  appear  to  have  any  advantages  over  radio 
phosphorus. 
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CHAPTER  11 


are 


MUTAGENIC  SUBSTANCES 

It  is  well  known  that  the  characteristics  of  individuals  and  cells 
transmitted  by  genes.  These  genes,  it  would  appear,  are  small 
particles  forming  part  of  the  chromosomes  in  the  nucleus  of  the 
cells.  Each  chromosome  contains  a  large  number  of  genes  and 
each  gene  is  located  at  a  definite  part  of  the  chromosome.  When 
the  cell  divides  the  chromosomes,  and  hence  all  genes,  are  dupli¬ 
cated.  The  genes  are  stable  and  go  on  reproducing  their  properties 
indefinitely. 

Occasionally  the  gene  may  undergo  a  change  in  properties  and 
then  it  becomes  responsible  for  the  control  of  a  new  characteristic 
in  the  cell  or  individual.  Under  such  conditions  a  chemical  change 
presumably  occurs  in  the  gene  and  this  is  permanent,  so  that  the 
new  gene  is  as  stable  as  the  original  one  and  goes  on  reproducing 
replicas  of  its  mutated  self,  thus  initiating  a  new  hereditary  line. 
It  seems  likely  that  this  mechanism  is  responsible  for  evolution 
and  that  without  mutations  life  would  never  have  proceeded 
beyond  its  verv  first  elementary  beerinniners. 

In  1927  Muller  found  that  mutations  could  be  induced  in  the 
fruit  fly,  Drosophila  melanogaster,  by  subjecting  it  to  the  action 
of  X-rays,  and  later  work  has  shown  that  various  other  types  of 
radiations,  e.g.  gamma-rays,  ultraviolet-rays,  and  neutrons  can 
produce  the  same  effect.  The  effects  produced  by  radiations  on 
the  chromosomes  are,  on  the  whole,  destructive  and  non¬ 
discriminating,  so  that  no  specific  actions  result.  Genes  are  af¬ 
fected  at  random  and  it  is  not  possible  to  produce  an  effect  on  a 
particular  gene  or  group  of  genes. 

Following  this  work  with  radiations,  attempts  were  made  to 

th^  H  e  ™utflons  by  means  of  chemical  substances,  in  the  hope 
nat  the  effect  would  be  more  specific  and  that  ultimately  it  might 
be  possible  to  produce  selective  mutations  and  even  to  control 

directions ^ Tlf  and  therefore  evolution,  in  definite 

directions.  The  early  work  was  essentially  negative  but  in  loin  _ 

1,  in  an  attempt  to  discover  an  explanation  for  the  curious  actions 
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of  mustard  gas  on  tissues,  it  was  found  that  this  substance  could 
inhibit  mitosis  in  various  tissues  and  produce  mutations  in 
Drosophila  (Auerbach  and  Robson,  1942  ;  1947).  Gross  effects  on 
chromosomes,  resulting  in  breakage,  were  also  obtained  and  detected 
by  means  of  genetic  methods,  and  this  led  to  the  investigation  of 
the  actions  of  mustard  gas  on  an  organism  (tradescantia)  in  which 
the  actions  on  chromosomes  could  easily  be  observed  cytologically. 
With  large  doses  of  mustard  gas  the  effects  on  the  chromosomes 
were  found  to  be  grossly  destructive  and  finally  led  to  the  death 
of  the  cell,  but  with  smaller  doses  effects  were  less  destructive  and 
resulted  ih  various  kinds  of  rearrangements  of  the  chromosomes 
(e.g.  inversions,  deletions  and  translocations),  some  of  which  were 
not  lethal  to  the  cell  (Roller  et  al.,  1943  ;  Darlington  and  Roller, 
1947).  Changes  in  the  nuclei  of  mouse  skin  subjected  to  the  action 
of  mustard  gas  were  observed  by  Fell  and  Allsopp  (1943). 

It  was  then  found  that  substances  related  to  mustard  gas, 
of  which  the  formulae  are  given  below,  could  produce  similar  effects. 


M utagenic  S ubsta nces . 


CH2.CH2.C1 


CH2.CH2.C1 


/ 


/ 


s 


ch2.ch2  Cl 


CH2.CH2.C1 


ch2.ch2.ci 


N- - CH2.CH2.C1 


o 


Sulphur  mustards. 


Nitrogen  mustards. 


ch2  =ch.ch2.ncs. 

Mustard  Oil  (Allyl  iso-thiocyanate). 
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The  mutagenic  action  of  mustard  oil  (Auerbach  and  Robson, 
1944)  is  of  particular  interest,  since  this  substance  occurs  naturally 
in  certain  plants  and  this  raises  the  possibility  that  spontaneous 
mutations  may  be  of  chemical  origin.  Mutagenic  effects  on  Droso¬ 
phila,  following  exposure  to  formaldehyde,  have  since  been 
described  bv  Rapoport  (1946)  and  by  Kaplan  (1948). 

Loveless  and  Revell  (1949)  have  found  that  a  number  of  di¬ 
epoxides,  including  di(2:3-epoxypropyl)  ether,  have  cytological 
effects  similar  to  those  of  nitrogen  mustard;  these  investigators 
give  an  interesting  discussion  on  the  mode  of  action  of  “mitotic 
poisons.” 


The  effects  of  all  these  substances  are  generally  very  similar 
to  those  of  radiations  and  the  production  of  specific  mutations 
has  not  so  far  been  accomplished. 

An  interesting  development  of  this  work  is  the  application  of 
nitrogen  mustard  in  the  treatment  of  malignant  conditions  and 
especially  Hodgkin’s  disease,  which  is  discussed  in  Chap.  10. 

I  he  mutagenic  nature  of  these  substances  has  been  confirmed 
b\  a  number  of  other  observers  on  different  types  of  organisms, 
c.g.  on  neurospora  by  Horowitz  ct  al.  (1946),  on  Aspergillus 
(Hockenhull,  1948),  and  on  Penicillium  notatum  (Stahmann  and 
Stauffer,  1947). 

Mutagenic  effects  have  also  been  reported  with  other  substances 
by  Oehlkers  (1943)  and  by  Hadorn  and  Niggli  (1946).  The  latter 
observers  used  an  interesting  new  technique  which  should  be 
capable  of  wider  application.  The  gonads  of  full  grown  larva;  are 
actually  dissected  out,  exposed  to  a  solution  of  the  chemical 
substance,  and  re-implanted  into  a  host  larva.  With  this  method 
a  ng  i  pel  cent  age  of  mutations  was  apparently  obtained  with  as 
simple  a  substance  as  phenol.  The  work  requires  confirmation. 

It  has  long  been  believed  that  cancer  arises  as  a  result  of  a 

environ0"  "V*  so'"at,cJ  f 1 "•  whlcl>  makes  it  more  independent  of  its 

e  oXT  C  *  “ ‘°  g°  <>n  dividi"8  to  the  detriment  of 
theorgamsm.  Some  investigators  have  tried  to  demonstrate  that 
carunogenic  substances  were  mutagenic,  e.g.  bv  feeding  Droso- 

bv  inierthw  "  rd,T  <i°ntaining  I'nmi'iogenic  substances  or  even 
he  m  but  t  tr  'fnS  °f  thC  ‘—nogenic  substance  into 

a  d  ^  :btnre,:f  rposure  deviscd  b>-  S 

“  t0  P1°duce  mutagenic  effects  with  a  number  of 
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carcinogenic  substances.  His  preliminary  results  suggest  that  there 
is  a  definite  correlation  between  the  carcinogenic  and  mutagenic 
actions  of  a  variety  of  substances,  and  a  similar  relationship  has 
been  found  by  Latarjet  et  al.  (1949),  in  investigations  on  the  muta¬ 
genic  action  of  carcinogens  on  E.  C'oli.  The  question  is  also 
discussed  by  Strong  (1949). 

It  is  not  known  how  chemical  substances  produce  their  muta¬ 
genic  action,  or  whether  the  mechanism  is  essentially  different 
from  that  involved  in  the  effect  of  radiations.  One  possibility  is 
that  there  is  a  permanent  change  in  the  constitution  of  the  nucleo- 
protein  which,  in  all  probability,  forms  part  of  the  gene.  With  this 
possibility  in  mind  the  effect  of  the  sulphur  and  nitrogen  mustards 
on  the  nucleoproteins  of  plant  viruses  was  investigated  by 
Cockerham  et  al.  (1944)  and  at  Robson’s  suggestion  by  Bawden 
and  Pirie  (1944).  It  was  found  that  these  substances  destroy 
the  infectivity  of  the  viruses  without  producing  any  definite 
chemical  change,  and  notably  without  separating  the  nucleic  acid 
from  the  protein  component.  No  mutagenic  effects  on  the  viruses 
were  observed.  It  is  interesting  that  radiation  too  can  inactivate 
viruses  without  producing  any  change  in  their  chemical  compo¬ 
sition  (Bawden  and  Pirie,  1938).  Gullant  and  his  co-workers 
(1948)  found  that  mustard  gas  reacts  with  nucleic  acid  to  form  a 
compound  which  contains  sulphur  but  no  chloride,  and  suggest 
that  this  may  provide  a  chemical  basis  for  the  effects  ol  mustard 
gas  on  the  nucleus.  Chemical  mutagenesis  is  reviewed  m  detail  by 

Auerbach  (1949). 
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CHAPTER  1*2 


ANALGESIC  DRUGS 


In  this  chapter  some  aspects  of  the  actions  of  drugs  used  in 
t lie  relief  of  pain  will  be  discussed.  Drugs  can  relieve  pain  in  a 
number  ot  ways.  For  example,  spasmolytic  drugs  can  give  relief 
by  producing  relaxation  of  certain  types  of  smooth  muscle  spasm  ; 
glyceryl  trinitrate  acts  thus  to  prevent  or  abolish  anginal  pain,  in 
which  its  vasodilator  effect  is  responsible  for  an  improved  blood 
supply  to  the  relatively  ischtemic  heart  muscle  ;  the  relief  of 
migraine  headache  by  intravenous  injection  of  ergotamine  tartrate 
is  probably  due  to  a  reduction  in  amplitude  of  pulsation  of  the 
temporal  and  other  arteries  of  the  scalp.  Pain  due  to  bacterial 
inflammation  may  of  course  be  relieved  by  appropriate  chemo¬ 
therapy.  Again,  pain  may  be  relieved  by  interruption  of  nerve 
pathways,  as  with  injection  of  local  amesthetics  for  a  temporary 
action,  or  with  ethyl  alcohol  for  a  long-lasting  effect. 

It  is,  however,  with  drugs  that  act  upon  the  central  nervous 
system  that  this  chapter  is  chiefly  concerned,  and  of  these,  mor¬ 
phine  and  its  derivatives,  and  the  newer  analgesics  such  as 
pethidine  and  amidone,  will  be  discussed  at  some  length.  It  is  not 
proposed  to  make  more  than  passing  references  to  what  Fourneau 
(1938)  has  termed  the  “antalgics,”  namely  aspirin,  phenacetin, 
antipyrine  and  amidopyrine. 

Another  interesting  group  of  compounds  are  the  tetrahydro- 
cannabinols  which  are  euphorigenic  in  action,  and  have  also  been 
shown  to  be  analgesic  in  rats  (Davies  et  al.,  194(5).  It  would  be 
important  to  know  whether  these  hemp  drugs  could,  by  contri¬ 
buting  a  euphoriant  component,  enhance  the  efficacy  ol  other 

analgesic  drugs.  . 

It  is  presumed  that  analgesic  drugs  act  by  forming  some  sort  ot 

barrier  to  the  effects  of  the  nerve  impulses  conveyed  by  the  pain 
pathways,  and  the  site  of  action  might  be  speculatively  localize! 
in  the  thalamus  or  the  cortex.  At  present  it  would  be  hazardous  to 
try  to  suggest  the  mode  of  action  of  analgesic  drugs.  There  is,  toi 
example,  nothing  characteristic  about  the  influence  of  these  (  rugs 
on  the  metabolism  of  nervous  tissue. 
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CHEMISTRY  OF  MORPHINE 

Chemical  Structure  of  Analgesic  Drugs 

Bergel  and  Morrison  (1948)  have  reviewed  this  subject  with 
particular  reference  to  the  relation  between  chemical  str  ucture 
and  analgesic  action.  The  structural  formula  of  morphine  is  still 
not  completely  known  in  its  three-dimensional  arrangement,  but 
it  may  be  represented  two-dimensionally  as  below.  The  complete 
morphine  molecule  has  never  been  synthesized,  but  recently 
Grewe  (1946)  prepared  a  compound  called  N-Methylmorphinan 
which  contains  4  of  the  5  cyclic  rings  of  the  morphine  molecule. 
Its  formula  is  : — 


N-Methylmorphinan 

Its  analgesic  potency  is  about  equal  to  that  of  morphine. 

A  derivative,  3-hydroxy-N-methylmorphinan  hydrobromide 
(Nu  2206,  Hoffman  La  Roche),  has  been  studied  by  Gross  et  al. 
(1949).  They  found  it  to  be  about  three  times  as  potent  as  mor¬ 
phine  in  man  and  stated  that  it  did  not  produce  euphoria. 


Morphine  and  its  Derivatives 


(Phenolic)  (Alcoholic) 


Morphine  Dilaudid 


8^2 

Ny  xch. 


Metopon 
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1  he  alkaloid  morphine  is  a  complex  polycyclic  compound,  which 
has  o  ten  been  described  as  a  phenanthrene  derivative.  The 
formula  is  presented  here  in  a  form  to  suggest  its  possible  relation 
to  pethidine  and  amidone.  The  morphine  molecule  is  modified 
synthetically  to  produce  dilaudid  (dihydromorphinone)  and  meto- 
pon  (methyldihydromorphinone). 

Pethidine  and  Allied  Compounds 


CH. 

1 

N 

CH, 

\* 

H2(T  xch2 

H,CV  CH, 

H,C.  CH, 

2  \  s  i 

2  \n/  2 

/  \ 

L* 

_ _ /  \ 

H  0.C0.  CH 

/“n  co.o.c2h5 

| 

CH, 

\ 


Pethidine 


Atropine 


Pethidine  (l-methyl-4-phenylpiperidine-4-carboxylic  acid  ethyl 
ester)  was  first  studied  by  Eisleb  and  Schaumann  (1939)  as  a 
spasmolytic  drug  of  the  atropine  type.  Its  chemical  relation 
to  atropine  is  shown  in  the  above  formulae.  Pethidine  was  subse¬ 
quently  found  to  be  an  analgesic. 

^-Pethidine  is  l-methyl-8-phenylpiperidine-3-carboxyhc  acid 
ethyl  ester.  It  has  been  studied  experimentally  by  Macdonald  et 

al.  (1946).  ,  ,  t  .  , 

5-pethidine  has  been  found  in  man  to  be  rather  less  potent  and 

to  have  a  shorter  duration  of  action  than  pethidine.  Its  toxicity 

is  low  (Glazebrook  and  Branwood,  1945).  , 

Bemidone.  This  compound,  formed  by  introducing  a  m-hydroxy 
group  into  the  phenyl  ring  of  pethidine,  was  produced  m  Germany 
during  the  war.  Macdonald  et  al.  (1946)  found  that  its  analgesic 
potency  was  about  equal  to  that  of  pethidine. 

KeJbemidone  is  1  -methyl-4-(8-hydroxylphenyl)-4-piper,dyletl  j 

ketone  It  is  claimed  to  be  ten  times  as  potent  as  pethidine  an 
Kirehof  (1948)  reported  very  few  side-actions  from  its  therapeut 
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use.  It  is  a  more  powerful  spasmolytic  than  pethidine  (Lewis, 
1949). 

Other  piperidine  derivatives  have  recently  been  studied  by 
Randall  and  Lehmann  (1948)  in  rats,  and  Gross  et  al.  (1948)  have 
investigated  the  actions  of  three  of  these  compounds  in  man 

Compound  Nu  1196  is  cis- 1:  3-dimethyl-4-phenylpropionoxy- 
piperidine. 

Compound  Nu  1779  is  trails  1:  3-dimethyl-4-phenylpropionoxy- 
piperidine. 

Compound  Nu  1932  is  l-methyl-3-ethyl-4-phenyl-4-propionoxy- 
piperidine. 

These  compounds  are  comparable  in  potency  to  morphine  in 
rats,  but  clinical  observations  on  the  use  of  Nu  1196  in  patients 
with  pain  due  to  cancer  have  shown  this  drug  to  be  definitely 
weaker  than  morphine  (Houde  et  al.,  1948). 

Isbell  (1949)  has  obtained  evidence  in  man  of  addictive  proper¬ 
ties  with  bemidone,  keto-bemidone  (particularly  marked),  and  the 
phenyl  propionoxy  piperidine  derivatives. 

Amidone  and  Related  Compounds 


CH 


Amidone 


(dl-2-dimethylamino-4 : 4-diphenyl-heptan-5-one  hydrochloride) 

1  horp  et  al.  (1947)  have  shown  that  the  analgesia  and. respiratory 
depression  of  dl-amidone  are  due  to  the  /-compound  Other 
compounds  of  this  group  studied  by  Thorp  et  al.  include 
Iso-amidone  (dl-2-dimethylaminoethyl-3  :  3  diphenyl-hexan-4- 
one-hydrochloride). 


hydrochloride);  Ofner  et  al.  (1949)  have  described  the 


phakmacology 
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preparation  and  actions  of  the  compound  G-piperidino-4  :  4- 
diphenyl-5-methyl-3-hexanone  (the  piperidyl  analogue  of  iso- 
amidone). 

Phenadoxone  (dl-2-1  morpholino-4  :  4  diphenylheptan-5-one 
hydrochloride)  also  belongs  to  the  same  group. 

Isbell  and  Eisenman  (1948)  have  shown  that  both  1-amidone 
and  iso-amidone  are  potential  drugs  of  addiction,  but  that 
d-amidone  and  dl-2-dimethylamino-4-  :  4-diphenyl-heptan-5-ol 
are  not. 


Methods  for  Evaluating  Analgesic  Drugs 

Much  attention  has  been  devoted  in  recent  years  to  methods 
tor  comparing  the  actions  of  analgesic  drugs  in  animals  and  in 
man.  This  subject  has  been  reviewed  by  Goetze  et  al.  (1943) 
who  discuss  very  fully  the  criteria  for  the  choice  of  stimulus  to 
elicit  pain,  and  the  selection  of  the  most  suitable  receptive  field. 
More  recent  reviews  in  this  field  include  contributions  by  Pfeiffer 
et  al.  (1948)  and  by  Miller  (1948). 

The  nature  of  the  response  to  the  stimulus  is  important.  Human 
subjects  can  describe  the  onset  of  a  sensation  of  pain,  but  in 
animals  some  easily  observed  reflex  response  must  be  selected 
as  an  endpoint.  For  example,  Thorp  (1946),  using  a  modification 
of  Hardy’s  radiant  heat  apparatus  for  stimulation  of  the  rat's 
tail,  regarded  slight  movements  of  the  tail  or  quivering  of  the 
body  of  the  rat  as  a  positive  response. 

Analgesic  Drug  Tests  in  Animals 

Studies  on  the  potency  of  analgesic  drugs  in  animals  have  been 
reported  by  many  workers,  e.g.  D  Amour  and  Smith  (1941), 
Ercoli  and  Lewis  (1945),  Woolfe  and  Macdonald  (1944),  Thorp 
(1946),  Davies  et  al.  (1946)  and  Hougs-Olsen  (1949).  All  these 
workers,  and  others,  have  regarded  heat  as  the  most  accurately 
measurable  stimulus.  Comparisons  of  equianalgesic  doses  of  the 
more  powerful  analgesic  drugs  show  that  these  tests  correlate  quite 
well  with  clinical  observations.  For  example  Woolfe  and  Mac¬ 
donald  (1944)  found  in  mice  that  morphine  was  about  seven  times 
as  active  as  codeine  and  about  half  as  active  as  diamorphine.  In 
rats  Ercoli  and  Lewis  (1945)  recorded  a  similar  relation  for  mor¬ 
phine  and  codeine,  while  Thorp  (1946)  found  that  diamorphine 
was  nearly  seven  times  as  potent  as  morphine.  These  results  show 


that  such  methods  are  suitable  for  preliminary  investigations  on 
new  compounds;  Woolfe  and  Macdonald,  and  Ercoli  and  Lewis 
found  pethidine  about  1 /5th  as  potent  as  morphine,  and  Thorp  et 
al.  (1947)  showed  that  amidone  was  about  as  powerful  as 
morphine. 

The  mechanism  by  which  morphine  inhibits  the  reflex  with¬ 
drawal  of  the  rat’s  tail  when  stimulated  by  heat,  has  been  studied 
bv  Raventos  (1949),  who  found  that  this  drug  had  no  such  depres¬ 
sant  action  in  rats  after  high  section  of  the  spinal  cord.  From  the 
results  of  experimental  section  of  the  brain  stem  at  different 
levels,  and  from  the  finding  that  central  nervous  stimulants  such 
as  amphetamine  and  caffeine  could  also  prolong  the  reaction  time 
of  the  withdrawal  reflex,  Raventos  suggests  that  morphine 
depresses  this  reflex  by  stimulating  an  inhibitory  centre  situated  in 
the  rostral  third  of  the  pons. 

It  should,  however,  be  added  that  many  of  these  animal  tests 
reveal  very  little  or  no  analgesic  action  with  substances  such  as 
aeetylsalieylie  acid  or  amidopyrine,  which  have  such  striking 
effects  on  certain  types  of  pain  in  man.  This  discrepancy  is  prob¬ 
ably  due  to  a  different  mode  of  action  (as  compared  with 
morphine). 


Tests  of  Analgesic  Drugs  in  Man 

1  he  methods  employed  to  study  and  compare  the  effectiveness 
of  analgesic  drugs  in  animals  make  use  of  pome  reflex  muscular 
response  as  an  indicator  of  pain  sensation.  In  man  the  verbal 
description  of  pain  with  respect  to  its  presence,  localization, 
intensity  and  character  adds  evidence  not  available  in  animal 
studies,  and  since  the  ultimate  interest  in  analgesic  drugs  relates 
essentially  to  their  therapeutic  efficacy,  human  investigations  are 
the  most  valuable  of  all.  Most  ol  the  methods  for  testing  analgesic 
drugs  in  man  involve  the  measurement  of  the  strength  of  some 
stimulus  applied  to  a  readily  accessible  part  of  the  body,  usually 
the  skm.  The  smallest  intensity  of  stimulus  required  to  elicit 
a  sensation  described  as  “painful”  is  termed  the  threshold, 
and  tests  have  been  devised  to  measure  with  great  accuracy  the 
s  rength  of  stimulus  employed.  Macht  et  al.  (1916)  used  a  faradic 
current  applied  to  the  skin,  Seevers  and  Pfeiffer  (1936)  measured 

nriekT'’""?  it'  TdC<1  Prssure  with  von  Prey’s  hairs  or  needle 
pn.ks,  ami  Hardy  et  al.  (1940)  applied  radiant  heat  to  the 
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blackened  skin  of  the  forehead.  (This  last  method  is  probably 
the  most  accurate  for  measuring  the  physical  intensity  of  stimulus.) 
Goetze  et  al.  (1943)  measured  the  threshold  strength  of  an  alter¬ 
nating  current  applied  to  a  dental  filling,  and  Harrison  and 
Bigelow  (1943)  recorded  the  number  of  ischaemic  muscle  contrac¬ 
tions  in  the  forearm  required  to  produce  the  typical  pain,  which  in 
Lewis'  classification  is  “deep”  as  opposed  to  the  “superficial”  pain 
arising  from  the  skin.  In  all  these  instances  the  administration  of 
recognized  analgesic  drugs  raises  the  pain  threshold,  i.e.  increases 
the  strength  of  stimulus  necessary  to  elicit  the  sensation  of  pain, 
but  Pfeiffer  et  al.  (1948)  have  shown  that  different  types  of  anal¬ 
gesic  drugs  may  affect  various  types  of  pain  to  different  degrees. 


Radiant  Heat  Method 

The  most  comprehensive  investigations  of  skin  pain  threshold 
have  been  those  of  Hardy  et  al.  (1940)  with  the  radiant  heat 
method.  The  radiation  from  a  1,000  Watt  lamp  is  focused  on  to 
the  blackened  skin  of  the  forehead  (3  sec.  exposure  every  30  see. 
to  an  area  of  3.5  sq.  cm.).  The  end  point  is  a  “sensation  ol  heat 
drawing  together  just  at  the  end  of  the  three  second  exposure, 
giving  a  cpiick,  sharp,  stinging  sensation,  distinct  from  the  sensa¬ 
tion  of  heat”  (Hardy  et  al.,  1943).  The  intensity  of  radiation  can 
be  directly  measured  bv  means  ol  a  radiometer. 

Wolff  et  al.  (1940),  with  themselves  as  subjects,  measured  the 
pain  threshold  raising  actions  of  injected  morphine.  With  doses 
from  0.5  mg.  to  15  mg.  of  morphine  sulphate  the  threshold  rise 
was  linearly  proportional  to  dosage.  The  following  increase  in 
threshold  occurred  with  therapeutic  doses 


10  mg.  (1/6  gr.)  produced  a  00  per  cent  increase 
15  mg.  (1/4  gr.)  produced  a  70  per  cent  increase 
30  mg.  (£  gr.)  produced  a  100  per  cent  increase. 

With  100  per  cent  rise  in  threshold  the  intensity  ol  heat  was  just 

sufficient  to  cause  injury  to  the  skin.  . 

The  peak  effect  of  therapeutic  closes  occurred  _l*-i  hours  alter 
injection.  The  duration  of  action  after  therapeutic  closes  was  (1-7 

h°The  radiant  heat  pain  threshold  method  of  Hardy  et  al.  h» 
been  widely  used  in  the  United  .States  lor  the  comparison  of 
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analgesic  drugs  with  morphine.  For  example,  Batterman  and 
Himmelsbach  (1943)  found  that  125  mg.  of  pethidine  raised  the 
threshold  as  much  as  17  mg.  of  morphine,  and  Christensen  and 
Cross  (1948)  recorded  the  following  equianalgesic  doses  :  5  mg. 
amidone  =  15  mg.  morphine  sulphate  =150  mg.  pethidine  hydro¬ 
chloride.  But  the  widespread  use  of  this  method  raises  the 
question  of  its  limitations  and  inadequacies 

Firstly,  the  results  obtained  by  different  workers  with  a  single 
drug  are  by  no  means  consistent.  For  example,  the  following 
differences  in  threshold  raising  action  of  morphine  sulphate  have 
been  recorded  : — 


Dose  of  Morphine 
Sulphate 
5  mg. 

10  mg. 

15  mg. 


Wolff  et  al.  (1940) 

32%  rise  in  threshold 
60% 

70% 


Christensen  and  Gross 
(1948) 

8  %  rise  in  threshold 
17% 

23% 


It  is  clear  that  there  must  be  some  difference  in  the  interpreta¬ 
tion  of  the  end-point  between  these  two  groups  of  workers. 

Secondly,  the  pain  threshold  may  be  influenced  by  numerous 
psychological  factors  which  have  been  carefully  studied  by  Wolff 
and  Goodell  (1943).  They  found  that  auto-suggestion  could  raise 
the  pain  threshold  by  up  to  20  per  cent,  that  distraction  produced 
by  counting  or  the  clanging  of  a  bell  could  raise  the  threshold  by  up 
to  40  45  per  cent,  as  also  could  shallow  hypnosis.  It  was  also  shown 
that  phai  maeologically  inert,  substances,  e.g.  lactose  in  capsules, 
could  sometimes  raise  the  threshold  as  much  as  0.6  G.  of  acetyl- 
salic\  lie  acid,  and  that  such  responses,  whilst  more  readily 
produced  in  suggestible  inexperienced  persons,  occasionally  oc¬ 
curred  even  in  stable  subjects  thoroughly  versed  in  the  method  of 
recording  pain  sensation.  It  would  therefore  appear  that  analgesic 
drugs  should  not  be  compared  at  a  dose  level  which  raises  the  pain 
threshold  by  less  than  30-35  per  cent,  unless  very  careful  pre¬ 
cautions  are  taken  to  eliminate  the  complicating' psychological 
mlluences.  It  is  interesting  to  note  that  Sonnenschein  and  Ivy 
(1949)  were  unable  to  demonstrate  that  the  antipyretic-analgesic 
mgs,  e.g.  aspirin  had  any  significantly  greater  influence  than 
lactose  on  electrically  induced  pain  in  the  tooth-pulp  in  man,  and 

produdnf  plin  “  “*  P-HT  “  *e  Passes 
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but  Hewer  and  Iveele  showed  that  procaine  could  relieve  pain 
arising  from  ischaemic  muscle,  into  which  it  certainly  could  not 
penetrate,  so  a  central  nervous  action  must  account,  at  least  in 
part,  for  the  analgesia  produced  by  intravenous  injection  of 
this  drug. 


Clinical  Studies  of  Analgesic  Drugs 

Studies  of  pain  threshold  responses  in  animals,  and  even  in 
man,  are  only  preliminaries  to  the  important  field  of  therapeutic 
application  to  the  relief  of  pain  in  disease.  The  reaction  patterns 
of  patients  to  pain  associated  with  disease  are  naturally  much  more 
complex  than  the  responses  of  normal  volunteers  who  know  that 
the  duration  of  any  test  is  limited,  and  that  they  can  terminate 
the  unpleasant  experience  at  will.  With  these  points  in  mind  it 
may,  however,  still  be  possible  to  arrange  conditions  so  that 
the  clinical  effectiveness  of  two  analgesic  drugs  may  be  compared. 
The  factors  to  be  considered  most  carefully  are  the  great  vari¬ 
ability  in  the  natural  course  of  intensity  of  pain  in  different 
subjects,  the  difficulty  of  comparing  one  patient’s  experience  of 
pain  with  another’s,  and  the  psychological  factors  which  so 

readily  influence  this  experience. 

Lee  (1942)  has  recorded  very  extensive  data  on  the  comparative 
effectiveness  of  morphine,  metopon  and  desomorphine  given  to 
patients  with  acute  or  chronic  pain.  He  recorded  the  smallest 
effective  dose  for  each  drug  and  classified  the  effectiveness  in 
terms  of  no,  slight,  fair  or  complete  relief.  The  intensity  and 
duration  of  action,  the  occurrence  of  sleep  and  the  development 
of  side  effects  were  noted.  Control  injections  of  inert  substances 
were  given  at  intervals,  and  the  solutions  for  injection  were  made 
up  so  that  neither  the  nurse  nor  the  patient  knew  the  identity  or 
dose  of  the  drug.  At  intervals  the  drugs  were  withdrawn  for  -4 
hours  and  sterile  0.9  per  cent  Nad  solution  injected  to  test  tte 
possible  development  of  the  abstinence  syndrome.  Trom  these 
data  Lee  concluded  that  5  mg.  of  metopon  was  equivalent  to  1 
„,g.  of  morphine  and  that  these  (loses  were  equivalent  to  1  nV 

0fHewer0eT«r(i949)  have  also  investigated  thedinical  assess- 
■  c  0  dniffs  They  have  made  use  of  the  pain  cnan 

(K  ele  msffor  recording  in  the  patient’s  own  words  the  intens.ty 
of  pain  at  regular  intervals  (usually  hourly)  throughout  the  da; 
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and  night.  The  pain  is  described  as  none,  slight,  moderate, 
severe  or  very  severe,  and  the  records  obtained  demonstrate  \ei\ 
clearly  the  influence  of  analgesic  drugs  on  the  course  of  pain 
(Fig.  27,  amidone).  Hewer  et  al.,  have  also  studied  methods  tor 
summarizing  their  data  derived  from  individuals  with  chronic 
pain  in  whom  several  drugs  were  investigated  very  fully,  or  from 
groups  of  patients  in  which  the  individuals  (with  more  acute 
varieties  of  pain)  were  given  only  small  numbers  of  injections.  In 
each  case  the  intensity  of  pain,  as  described  in  words,  was  converted 
to  a  scale  of  units  as  follows  :  no  pain  =  0  units,  slight  pain  =  l 
unit,  moderate  pain  =  2  units, -severe  pain =3  units,  very  severe 
pain =4  units.  The  figures  recorded  from  individual  pain  charts 
were  added  together  and  could  then  be  analysed  statistically. 


Fig.  27 

Pain  chart  showing  effects  of  amidone  on  pain  in  a  patient 
with  carcinoma  of  cervix  uteri.  Each  arrow  indicates 
administration  of  amidone  of  7.5  mg.  by  mouth. 

(After  Hewer  et  al.,  1949.) 

Asher  (1948)  has  made  ingenious  use  of  different  coloured  tablets 
for  the  clinical  comparison  of  analgesic  drugs  which  may  be  given 
by  mouth  ;  he  showed  that  inert  tablets  gave  some  relief  in  50  per 
cent  of  cases. 


Evaluation  of  Addiction  Potentialities  of  Drugs 

The  most  dangerous  toxic  action  of  the  powerful  analgesic 
drugs  is  their  liability  to  produce  addiction.  One  component 
°  tllls  state  1S  Euphoria  which  is  a  feeling  of  well-being  perhaps 
greater  than  that  attained  even  at  the  peak  of  normal  health 
Euphoria  can  occur  in  normal  subjects  as  well  as  in  patients  or  in 
addicts,  and  its  production  by  any  drug  is  suggestive  of  capacity 
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Another  important  element  of  the  addiction  picture  is  what  is 
called  Psychic  Habituation,  but  even  more  outstanding  and  much 
more  characteristic,  is  the  state  of  Physical  Dependence.  Habitua¬ 
tion  is  the  craving  lor  the  drug,  while  physical  dependence 
expresses  an  acquired  bodily  need  for  it  to  prevent  the  development 
of  physiological  disturbances  mainly  related  to  the  autonomic 
and  central  nervous  systems.  The  addiction-producing  analgesics 
also  lead  to  Tolerance.  When  a  drug  to  which  a  person  is  addicted 
is  suddenly  withdrawn  an  Abstinence  Syndrome  develops.  All 
these  aspects  of  drug  addiction  produced  by  analgesics  have  been 
particularly  studied  in  the  U.S.A.,  where  the  addiction  problem 
is  much  greater  than  in  this  country,  and  the  relations  between 
euphoria,  analgesia  and  physical  dependence  were  discussed  in  a 
symposium  to  which  Oberst  et  al.  (1943)  contributed.  Isbell 
(1948)  has  discussed  this  subject  with  particular  reference  to  the 
newer  synthetic  analgesic  drugs. 

Kolb  and  Himmelsbach  (1938)  and  Himmelsbach  (1941)  have 


Table  8 

Scoring  for  Evaluation  of  Abstinence  Syndrome  Intensity. 


Signs 


Yawning  . 

Lacrimation  . 

Ithinorrhcea 

Perspiration  .  •  • 

Anorexia  :  40%  Decrease  in  Caloric  Intake 

Gooseflesh  . 

Dilated  Pupils  . 

Tremor  • 

Restlessness  .  •  • 

Emesis  :  Each  Act  of  Emesis  observed 
Fever:  Each  0.1  °C.  rise  in  Rectal  Temperature  over 

Addiction  Mean  .  •  .  • 

Hyperpnoea  :  Each  Respiration  per  minute  increase  over 

Addiction  Mean  •  •  *.  *  _~ 

Systolic  Blood  Pressure:  Each  2  mm.  Ilg.  rise  up  to  30  mm 

over  Addiction  Mean  •  • 

Weight  :  Each  pound  lost  from  last  Addiction  Day 


Points 

1 

1 

1 

1 

3 

3 

3 


Abstinence  Syndrome  Intensity  =  Sum  of  points  seored. 
Critical  Level  =  16  points. 
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introduced  a  system  of  scoring  for  evaluating  the  intensity  of 
the  abstinence  syndrome.  The  responses  to  drug  withdrawal  and 
the  allocation  of  points  tor  each  factor  arc  illustrated  in  Tabic  8. 
The  detailed  time  courses  of  some  of  the  changes  are  shown  in 
Fig.  28. 

In  studying  the  possible  addictive  properties  of  a  new  analgesic 
drug  four  methods  of  testing  may  be  used  (Isbell,  1948) 

(i)  Administration  of  single  doses  for  the  detection  of  euphoria. 

(ii)  The  effect  of  single  doses  on  the  morphine  abstinence 
syndrome. 

(iii)  Substitution  of  the  new  drug  for  morphine  in  patients 
strongly  addicted  to  morphine. 

(iv)  Direct  or  primary  addiction  to  the  new  drug. 

These  points  will  be  illustrated  later  in  relation  to  pethidine  and 
amidone. 

Further,  as  Batterman  (1948)  has  stressed,  “the  addiction 
liability  of  the  new  analgesic*  drugs  must  be  considered  from  the 
point  of  view  of  the  individual  as  well  as  the  drug.”  The  great 
majority  of  drug  addicts  are  psychopathic  subjects. 

\  ogel  et  al.  (1948)  have  discussed  the  comparative  liabilities 
ol  the  powerful  analgesics  to  produce  addiction  and  Table  9 
summarizes  the  position  with  regard  to  the  most  widely  used 
members  of  this  group  (4  —  the  maximal  liability  in  each  category). 


Table  9 

Comparative  Addiction  Liability  of  Analgesic  Drags. 


Drug 

Physical 

Dependence 

Liability 

Habituation 

Liability 

Total 

Morphine 

Dihydromorphinone 

4 

4 

8 

Hydrochloride 

4 

4 

8 

Metopon 

3 

4 

Pethidine  Hydrochloride 

2 

a 

i 

Amidone 

i 

*) 

4 

5 

Codeine 

41 

1 

5 

3 
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C  RECTAL 


BODY  WEIGH! 


Fig.  28 


Morphine  Abstinence  Syndrome 

The  effects  of  withdrawal  of  morphine  on  various  body  responses  are 
shown.  Abscissa =So.  of  days  after  abrupt  withdrawal. 

(After  Himmelsbach,  1941.) 
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It  will  be  noted  that  diamorphine  (diacetylmorphine)  is  not 
included  in  this  Table.  It  is  of  course  even  more  liable  than 
morphine  to  cause  addiction,  and  for  this  reason  its  use  has  been 
abandoned,  and  its  manufacture  forbidden  in  the  U.S.A.  Mono- 
aeetylmorphine  on  the  other  hand  produces  only  moderate 
euphoria  (Jones  and  Chapman,  1944)  and  since  it  is  a  more  potent 
analgesic  than  morphine,  and  is  less  liable  to  cause  nausea  and 
vomiting,  it.  would  be  interesting  to  know  more  about  its  thera¬ 
peutic  actions,  especially  its  capacity  to  produce  addiction. 

Newer  Analgesic  Drugs 

The  actions  of  some  of  the  newer  analgesic  drugs  will  now  be 
discussed.  The  reader  is  recommended  to  consult  the  reviews  by 
Tainter  and  Buchanan  (194!))  and  by  Van  Dyke  (1949),  as  wrell  as 
the  symposium  in  the  Annals  of  the  New  York  Academy  of 
Sciences  (November,  1948)  for  further  details. 

Pethidine 

Pethidine  (Dolantin,  Demerol,  Isonipecaine,  Meperidine)  was 
originally  introduced  by  Eisleb  and  Schaumann  (1939)  as  a 
spasmolytic  drug,  but  during  the  course  of  toxicity  studies  in 
mice  a  morphine-like  erection  of  the  tail,  due  probably  to  stimula¬ 
tion  ol  the  spinal  cord,  was  observed  (Straub  phenomenon),  and 
subsequently  it  was  shown  that  pethidine  has  analgesic  properties. 

Pethidine  is  definitely  less  depressant  to  respiration  than 
morphine,  both  in  intensity  of  effect  and  duration  of  action.  Its 
action  on  the  circulation  is  slight,  though  intravenous  injection 
ot  large  doses  may  produce  peripheral  vasodilatation  with  a  fall 
in  blood  pressure  ;  on  the  heart  it  has  a  quinidine-like  action  and 
depresses  the  excitability  ol  the  muscle  in  response  to  electrical 
stimuli.  Robbins  (1945)  showed  that  pethidine  prevented  the 
cardiac  irregularities  induced  in  dogs  by  cvclopropane. 

Pethidine  also  has  weak  atropine- like  effects,  such  as  the 
production  of  mydriasis,  inhibition  of  salivary  secretion  and  some 
anti- vagal  actions.  It  has  direct  papaverine-like  actions  on  the 
smooth  muscle  of  the  bronchioles,  intestine,  uterus  and  blood 
\  essels.  In  intact  dogs  pethidine  produces  contraction  of  the 
smooth  muscle  of  the  intestine  (Gruber  et  al,  1941),  but  in  man 
\onkman  etal  (1944)  quote  Barlow  as  having  shown  that  50-100 
mg.  ot  pethidine  intramuscularly  reduced  or  abolished  the  motilitv 
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of  the  gastro-intestinal  tract  for  up  to  \  \  hours.  Although  gastric 
and  colonic  tone  are  reduced  by  pethidine,  biliary  pressure  is 
increased,  probably  from  spasm  of  the  “sphincter”  of  Oddi 
(Gaensler  et  al.,  1948).  Indeed  these  authors  found  that  pethidine 
was  nearly  as  powerful  as  morphine  in  this  respect,  and  in  two 
patients  they  recorded  the  production  of  attacks  of  biliary  colic 
after  injection  of  pethidine.  As  with  morphine,  such  spasm  can  be 
relieved  by  nitrites,  aminophylline  or  adrenaline,  but  not  by  atro¬ 
pine  or  papaverine. 

The  ureter  behaves  differently,  and  Climenko  and  Berg  (1943) 
found  that  pethidine  reduced  the  amplitude  of  contractions  and 
the  tone  of  the  ureter  in  dogs  and  in  man. 

Pethidine  is  also  a  local  an  (esthetic  and  Way  (1940)  showed  in 
tests  on  the  rabbit’s  cornea,  the  frog’s  sciatic  nerve,  and  on 
intradermal  injection  in  man,  that  it  possessed  about  TO  per  cent 
of  the  activity  of  cocaine,  but  it  is  not  suitable  for  clinical  use 
since  it  produces  preliminary  irritation. 


Absorption,  Distribution,  Fate  and  Excretion  of  Pethidine 

Way  et  al.  (1949)  have  investigated  the  absorption  and  distri¬ 
bution  of  pethidine  in  rats  (using  Brodie’s  methyl  orange  method). 
After  oral  administration  over  90  per  cent  absorption  from  the  gut 
had  occurred  within  4  hours.  Studies  of  distribution  showed  the 
highest  concentrations  in  the  kidneys,  spleen,  lungs  and  liver  and 

o  . 

moderate  concentrations  in  the  brain. 

Lehman  and  Aitken  (1943),  Oberst  (1943)  and  Way  et  al.  (1949) 
have  studied  the  excretion  of  pethidine  and  recovered  5-20  per 
cent  in  the  urine  both  after  oral  administration  and  after  sub¬ 
cutaneous  injection  of  the  drug  in  man.  It  would  thus  appear  that 
over  80  per  cent  is  destroyed  in  the  body,  and  the  work  of  Bern- 
heim  and  Bernheim  (1945)  suggests  that  pethidine  is  hydrolysed 
in  the  liver  by  an  esterase  distinct  from  tropine  esterases,  cholin¬ 
esterases  and  the  esterases  which  hydrolyse  aliphatic  esters.  N  ay 
et  al  (1947)  found  that  after  partial  hepatectomy  in  rats,  the 
actions  of  pethidine,  and  its  level  in  the  blood  were  greater  than  ... 
normal  animals,  and  they  suggest  that  the  effects  of  petludme  ... 
man  might  be  enhanced  by  liver  disease 

Way  et  al.  (1949)  have  also  recovered  petludme  Iron,  sa  a n 
man  but  found  none  in  the  milk  of  laetatmg  mothers  within 
hour's  of  injection  of  the  drug  (100  mg.).  They  also  recovered  small 
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amounts  of  pethidine  (less  than  1  per  cent  of  the  dose  injected 
into  the  mother)  from  the  urine  of  new-born  infants. 


Pethidine  and  Addiction 

The  development  of  addiction  to  pethidine  was  reported  soon 
after  its  introduction  in  Germany,  and  more  extensive  observa¬ 
tions  in  other  countries  have  since  confirmed  its  capacity  to  lead 
to  tolerance,  habituation  and  physical  dependence.  Himmelsbach 
(1942)  has  studied  this  question  from  different  angles  : — 

(1)  In  morphine  addicts  stabilized  on  the  smallest  dose  of 
morphine  required  to  prevent  abstinence  symptoms,  the  sub¬ 
stitution  of  pethidine  for  morphine  allowed  some  withdrawal 
signs  to  appear. 

(2)  After  a  week’s  administration  of  pethidine  alone  (as  a 
morphine  substitute),  abrupt  withdrawal  produced  a  smaller 
abstinence  syndrome  than  after  withdrawal  of  morphine  (Fig.  29). 

(3)  In  four  subjects  repeated  injections  of  pethidine  produced 
addiction,  which  after  1-2  months  was  followed  by  a  very  mild 
withdrawal  syndrome,  whereas  after  10-11  weeks  administration 
the  withdrawal  effects  were  quite  marked,  though  still  kjss  than 
those  of  morphine. 

Yonkman  et  al.  (1944)  noted  symptoms  such  as  nausea,  vomiting, 
sweating,  tremors,  nervousness,  irritation  and  depression  some 
hours  after  abrupt  withdrawal  of  pethidine  in  nine  patients,  but 
it  is  generally  agreed  that  the  withdrawal  signs  and  symptoms  are 
not  very  severe,  and  occasionally,  as  in  a  case  described  by 
Curry  (1947)  where  the  dose  of  pethidine  rose  finally  to  1.250  mg. 
daily,  there  were  no  abstinence  signs  whatever  on  withdrawal  of 
the  drug. 

\\  ith  regard  to  the  development  of  tolerance  to  pethidine, 
Wieder  (1946)  recorded  an  increase  in  dose  up  to  2-3  G.  daily 
in  two  patients,  and  Polonio  (1947)  describes  three  cases  in  whom 
5,  7-8  and  12-14  G.  respectively,  were  taken  daily.  These  high 
doses  were  liable  to  cause  tremors,  muscular  twitching  in  the 
extremities,  muscular  rigidity,  exaggerated  reflexes  and  even 
petit  mal-hke  seizures.  Andrews  (1942)  found  that  doses  up  to 
4.8  G.  daily  produced  slow  large  waves  in  the  electroencephalo¬ 
gram  similar  to  those  seen  in  some  types  of  epilepsy. 

To  summarize  the  points  concerning  pethidine  and  its  liability 
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(1)  Pethidine  can  produce  euphoria. 

(2)  It  is  a  partially  effective  substitute  for  morphine  in  mor¬ 
phine  addicts. 

(3)  It  can  produce  psychic  dependence  (habituation). 

(4)  Tolerance  can  be  acquired  to  pethidine. 

(5)  Physical  dependence  can  occur.  The  withdrawal  syndrome 
is  less  severe  than  with  morphine. 

(6)  Addiction  is  much  more  likely  to  arise  after  injection  than 
after  oral  administration. 


Fig.  29 

Intensity  of  Abstinence  Syndrome 

The  intensity  of  the  abstinence  syndrome  after  withdrawal  of  morphine, 
codeine,  pethidine  and  amidone,  is  expressed  in  arbitrary  units.  1  he  in  ¬ 
tensity  is  greatest  with  morphine,  and  the  duration  is  greatest 

amidone. 

(After  Vogel  et  al.,  1948.) 
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(7)  Pethidine  must  be  regarded  as  a  drug  of  addiction.  It  has 
been  placed  under  the  Dangerous  Drugs  Acts  restrictions  in  Great 
Britain. 

Clinical  Uses  of  Pethidine 

Accounts  of  the  clinical  use  of  pethidine  in  Germany  soon 
followed  the  discovery  of  the  drug  by  Eisleb  and  Schaumann  in 
1939.  More  recent  and  detailed  reports  on  the  general  use  ot 
pethidine  (its  use  as  an  obstetric  analgesic  is  considered  separately) 
have  come  from  Batterman  and  Ilimmelsbach  (19-13),  \  onkman 
et  ol.  (1941),  Christie  (1943),  Fitzgerald  and  McArdle  (1943)  and 
others.  The  main  points  revealed  by  these  studies  are :  • 

(1)  Pethidine  is  about  1/10  as  potent  an  analgesic  as  morphine 
when  given  by  intramuscular  injection. 

(2)  Although  pethidine  can  relieve  most  kinds  of  pain,  it  may  be 
somewhat  more  effective  against  pain  associated  with  smooth 
muscle  spasm,  owing  to  its  additional  spasmolytic  action.  As 
already  mentioned,  pethidine  increases  tone  in  the  biliary  tract 
and,  as  with  morphine,  any  relief  following  its  administration  for 
biliary  colie  would  be  due  to  its  central  action. 

(3)  After  intramuscular  injection  the  analgesic  action  develops 
within  15  minutes  and  lasts  5-6  hours  (the  effective  duration 
must  of  course  depend  on  the  intensity  of  pain). 

(4)  Oral  administration  of  pethidine  is  less  effective  than  injec¬ 
tion,  but  is  sometimes  superior  to  a  mixture  containing  acetylsali- 
eylic  acid.  0.5  G.-f  phenacetin,  0.5  G.-f- codeine  phosphate  16  mg. 
(Christie,  1943). 

(5)  Pethidine  has  less  hypnotic  and  sedative  actions  than 
morphine,  and  does  not  depress  the  cough  centre. 

(6)  Pethidine  does  not  cause  constipation. 

(< )  Side  eflects  include  nausea,  vomiting,  dry  mouth,  dizziness, 
faintness,  pallor,  visual  disturbances,  euphoria,  restlessness  and 
anxiety.  1  he  nausea  and  vomiting  are  less  than  with  morphine. 
Tolerance  and  addiction  are  discussed  elsewhere  (pp.  255-257). 

(8)  The  usual  dose  of  pethidine  is  50-100  mg.  by  intramuscular 
injection  or  by  mouth.  The  dose  should  not  exceed  150  mg.  3 

lourly.  Occasionally  intravenous  injection  of  50-100  mg  is 
used.  6 


pharmacology 
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Pethidine  in  Labour 

Pethidine  was  first  used  to  relieve  the  pains  of  childbirth  by 
Benthin  (1940).  In  this  country  there  have  been  reports  on  this  use 
of  pethidine  by  Gallen  and  Prescott  (1944)  in  150  cases,  and  more 
recently  by  Barnes  (1947)  in  500  labours. 

The  results  may  be  summarized  as  follows  : — 


(1)  Pethidine  in  doses  of  100-400  mg.  intramuscularly  was  an 
effective  analgesic  in  the  majority  of  cases. 

(2)  Pethidine  was  generally  well  tolerated  by  the  mothers. 

(3)  Pethidine  was  not  considered  responsible  for  the  deaths  of 
any  babies  in  either  series,  though  it  might  have  contributed  to 
asphyxia  in  some  cases. 

(4)  There  were  no  significant  actions  on  uterine  contractions 
or  on  the  duration  of  labour,  and  there  was  no  tendency  to  post¬ 
partum  haemorrhage. 

(5)  Pethidine  did  not  prevent  the  patient  from  co-operating 
intelligently  during  the  second  stage  of  labour. 

The  combined  use  of  pethidine  and  scopolamine  in  labour  was 
first  reported  by  Roby  and  Schumann  (1943)  and  has  recently 
been  described  by  Roberts  (1948)  in  500  labours.  The  maximum 
total  doses  of  the  drugs  within  18  hours  were  400  mg.  of  pethidine 
+  1.3  mg.  of  scopolamine.  To  the  analgesic  action  of  pethidine 
was  added  the  amnesic  effect  of  scopolamine,  and  there  was  no 
evidence  of  any  additional  harmful  effects  on  the  mother 
or  child,  and  no  prolongation  of  labour  (see  also  Hershenson, 

1948). 

It  may  be  said  that  pethidine  is  the  most  satisfactory  single  drug 
for  the  relief  of  the  pains  of  labour.  Its  great  virtue  is  that  ana  ■ 
gesia  occurs  with  only  slight  and  transient  depression  of  the  foetal 
respiratory  centre,  in  which  respect  it  compares  most  favourable 
with  morphine  and  amidone.  It  should,  however,  be  pointed  ou 
that  pethidine  is  not  likely  to  be  sufficiently  powerful  to  pieie.it 

e  pain  frequently  associated  with  the  later  stages  of  labour, 
when  the  administration  of  nitrous  oxide  or  trichlorethylene  may 
be  required.  There  is,  however,  some  evidence  that  the  com  in 
use  of  these  agents  with  pethidine  may  double  the  incidence  o 
asphyxia  Neonatorum  (Royal  College  of  Obstetricians  and  Cyme- 

cologists’  Report,  1948). 
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ACTIONS  OF  AM  I  DONE 
Amidone 

Amidone  [Hoechst  10820,  Physeptone,  Miadone,  Dolophine, 
Adanon,  Methadon  (e),  Butalgin]  was  introduced  during  the  war  in 
Germany;  it  has  been  subsequently  developed,  and  related  com¬ 
pounds  have  been  studied  in  Great  Britain  and  in  the  United 
States. 

Analgesic  Actions 

Scott  and  Chen  (1940)  showed  that  amidone  (5  mg./kg.)  was  a 
more  powerful  analgesic  than  the  same  dose  ot  morphine  in  the  dog, 
and  in  man  they  found  5  mg.  by  mouth  as  potent  as  150  mg.  of 
pethidine ;  mice  showed  the  Straub  tail  phenomenon,  and  cats 
responded,  as  to  morphine,  with  excitement.  Thorp  et  al.  (1947) 
found  that  in  rats  amidone  was  as  powerful  an  analgesic  as 
morphine,  and  that  both  were  7-10  times  more  potent  than 
pethidine.  Christensen  and  Gross  (1948),  using  the  Hardy-Wolff 
radiant  heat  method  in  man,  have  claimed  that  5  mg.  of  amidone 
is  as  effective  as  15  mg.  of  morphine,  but  Hewer  and  Keele  (1948), 
in  studies  on  the  actions  of  these  drugs  on  isctuemic  muscular 
pain,  and  Hewer  et  al.  (1949)  in  their  clinical  investigations,  found 
amidone  and  morphine  about  equally  active. 

The  other  actions  of  amidone  have  been  reviewed  by  the 
Council  on  Pharmacy  and  Chemistry  (1948).  They  may  be 
summarized  thus  : — 

(1)  Amidone  is  less  liable  than  morphine  to  produce  nausea 
and  vomiting,  except  when  it  is  given  by  mouth. 

(2)  Amidone  produces  less  constriction  of  the  pupil  than 
morphine. 

(8)  Amidone  depresses  breathing  less  than  does  morphine,  but 
more  than  pethidine  (Thorp  et  al.,  1947).  Prescott  and  Ransome 
(1947)  have  concluded  that  the  depressant  action  on  the  infant’s 
respiratory  centre  contra-indicates  the  use  of  amidone  in  obstetric 
analgesia.  Amidone  also  depresses  the  cough  reflex. 

(4)  Amidone  is  much  less  constipating  than  morphine. 
Uehiyama  et  al.  (1947)  found  that  on  the  isolated  rabbit  gut  and 
rat  uterus,  amidone  was  nearly  as  powerful  a  spasmolytic  as 
pethidine.  In  intact  animals  intestinal  motility  may  be  increased 

ret  Cetntra  Vagal  stlmulation*  Amidone  does  not  cause  urinary 
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(5)  Amidone  in  the  usual  doses  is  not  a  sedative  or  hypnotic, 
and  should  not  be  used  where  the  sedative  effect  of  morphine 
is  required,  e.g.  in  p re- anaesthetic  medication. 

(6)  Therapeutic  doses  have  no  significant  actions  on  the  circula¬ 
tion.  Large  doses  intravenously  may  produce  bradycardia  and  a 
fall  in  blood  pressure. 

(7)  Amidone  has  a  local  anaesthetic  action.  It  is  also  a  weak 
histamine  antagonist  (Chen,  1948). 

(8)  Side  Effects.  Euphoria  is  unusual  with  doses  of  the  order 
of  5-10  mg.,  but  it  may  occasionally  occur,  and  has  been  recorded 
in  former  morphine  addicts,  who  should  know.  Other  side- 
effects  include  nausea  and  vomiting,  lightheadedness  and  giddi¬ 
ness.  which  occur  more  frequently  in  ambulant  patients  than  in 
those  confined  to  bed.  Glazebrook  (1949)  found  that  side  effects 
were  no  less  frequent  with  amidone  than  with  morphine. 

Batterman  and  Oshlag  (1949)  have  stated  that  mental  con¬ 
fusion  and  toxic  psychosis  may  occur  when  amidone  is  given  for 
prolonged  periods  to  patients  over  50. 

(9)  Tolerance.  Isbell  et  al.  (1947)  administered  very  large 
doses  of  amidone,  e.g.  GO  to  100  mg.  q.i.d.  for  28  to  180  days  to 
15  subjects,  and  noted  the  development  of  tolerance  to  its 
analgesic  and  sedative  actions.  There  have,  however,  been  no 
reports  of  increased  tolerance  after  prolonged  administration  ot 
therapeutic  doses. 

(10)  Physical  Dependence.  Amidone  was  found  by  Isbell  et  al. 
(1947)  to  be  an  effective  substitute  for  morphine  in  morphine 

addicts. 


(i)  It  relieved  the  abstinence  symptoms  which  lollowed  the 
abrupt  withdrawal  of  morphine  in  addicts. 

(ii)  Amidone  was  effective  in  preventing  the  appearance  of  with¬ 
drawal  symptoms  when  substituted  for  morphine  in  stabilized 
addicts.  The  adequate  dose  of  amidone  was  about  1/4  that  oi 
the  previously  administered  morphine. 

(iii)  In  addicts  who  had  been  stabilized  on  amidone,  abrupt  with¬ 
drawal  of  the  drug  produced  a  characteristic  a  s  " 
syndrome  which  differed  from  the  morphine  withdrawal 
picture  in  developing  more  slowly,  in  being  111  e' 

in  lasting  longer.  Fig.  29  shows  a  comparison  ot  the  amii 
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abstinence  syndrome  with  that  of  morphine,  codeine  and 
pethidine. 

Woods  et  al.  (1947)  have  studied  the  possibilities  of  amidone 
addiction  in  rhesus  monkeys,  which  can  readily  become  addicted 
to  morphine.  They  found  that  prolonged  administration  of  ami¬ 
done  did  not  produce  tolerance  or  physical  dependence. 

Since  amidone  can  occasionally  produce  euphoria,  and  since  it 
can  so  effectively  substitute  for  morphine,  it  must  clearly  be 
regarded  as  a  possible  drug  of  addiction.  In  Great  Britain  its  use 
is  restricted  by  the  Dangerous  Drugs  Acts. 

(11)  Administration.  Amidone  may  be  given  orally  in  doses  up 
to  7.5  mg.  3  or  4  hourly,  or  subcutaneously  in  single  doses  of  2.5- 
10  mg.  To  relieve  cough  1.25-2.5  mg.  is  given  by  mouth. 

After  subcutaneous  injection  the  analgesic  action  develops  in 
15-20  minutes,  and  lasts  2-4,  or  more,  hours,  depending  on  the 
dose  and  the  intensity  of  pain.  After  oral  administration  the  action 
takes  \  hour  or  more  to  appear. 

Other  Amidones 

The  name  amidone  usually  refers  to  the  dl-  compound.  Robbins 
(1949)  has  investigated  the  value  of  this  and  other  amidones  in 
pre-  and  post-anaesthetic  medication,  and  noted  that  the  following 
doses  of  the  various  compounds  were  equivalent  to  10  mg.  of 
morphine  : — 

1-amidone,  3.7  mg;  dl-amidone,  7.5  mg; 

dl-isoamidone,  10-12  mg;  1-isoamidone,  7.5  mg. 

Phenadoxone  (Compound  “C.B.ll”,  Heptalgin,  Heptazone) 

\Y  ilson  and  Hunter  (1948)  studied  the  actions  of  phenadoxone  on 
normal  subjects  with  induced  ischaemic  muscular  pain,  and  found 
that  it  was  at  least  as  potent  as  amidone  and  more  than  ten  times 
as  potent  as  pethidine.  Clinically  it  was  administered  in  doses  of 
10-20  mg.  by  intramuscular  or  intravenous  injection,  or  up  to 
30-50  mg.  by  mouth.  On  intramuscular  injection  the  action  of 
phenadoxone  began  in  10-15  minutes  and  lasted  2-3  hours  •  bv 
mouth  it  began  to  act  in  20-30  minutes  and  the  effect  lasted  3-4 
hours  Phenadoxone  had  no  hypnotic  action.  Flataker  and  Winter 
(1949)  found  that  in  dogs  phenadoxone  was  shorter  acting  than 
amidone,  and  that  its  sedative  effect  was  less  than  that  of  mor¬ 
phine  or  amidone.  They  further  observed,  very  significantly,  that 
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(logs  tolerant  to  morphine  were  also  tolerant  to  phenadoxone, 
which  must  certainly  be  regarded  as  a  potential  drug  of  addiction. 

“Piperidyl  isoamidone” 

This  drug  was  introduced  by  Ofner  et  al.  (1949),  and  was  shown 
in  rats  to  be  as  active  an  analgesic  as  morphine,  with  only  1/8 
the  respiratory  depression  of  the  latter.  Prescott  et  al.  (1949)  have 
found  that  “piperidyl  isoamidone”  has  less  respiratory  depressant 
action  in  man  than  morphine,  amidone  or  pethidine,  and  it  is 
being  tried  as  an  obstetric  analgesic. 

Fate  and  Excretion  of  Amidone 

The  metabolism  of  amidone  in  rats  has  been  studied  by  Eisen- 
brandt  et  al.  (1949)  and  by  Elliott  et  al.  (1949).  Both  groups  of 
workers  used  amidone  containing  radioactive  carbon  and  their 
findings  may  be  summarized  thus : — 

(i)  Amidone  is  completely  absorbed  from  its  site  ol  sub¬ 
cutaneous  injection  within  two  hours. 

(ii)  The  highest  concentrations  of  the  drug  were  found  in  the 
liver,  intestine,  lungs  and  adrenals;  the  concentrations  in 
the  brain  were  very  low. 

(iii)  About  60%  of  amidone  was  excreted  in  the  faeces  (prob¬ 
ably  mainly  via  the  bile)  and  less  than  30%  in  the  urine, 
within  24  hours.  Scott  and  Chen  (1946)  and  Cronheim 
and  Ware  (1949)  have  recorded  similar  figures  for  urinary 
excretion  in  man. 


Metopon 

Metopo.i  was  introduced  by  Eddy  in  1936.  Lee  (1912)  found  that 
5  mg.  of  metopon  was  as  effective  an  analgesic  as  10  nig.  of  mor¬ 
phine,  that  tolerance  and  physical  dependence  developed  more 
slowly,  and  that  it  caused  fewer  side  effects  and  had  less  hypnotic 
action  than  morphine.  Lee  warned  against  its  use  in  premed.cation 
owing  to  its  occasional  production  of  dangerous  respiratory 
depression.  Metopon  is  more  liable  to  produce  addiction  that 

pethidine  and  amidone  (Van  Dyke,  1949).  _  .1 

Eddy  (1947)  reported  that  metopon  had  \ei> 
action'  It  was  only'  partially  effective  as  a  substitute  hir  morpk | 
in  morphine  addicts.  Metopon  is  cllcctivc  by  mouth  and  has 
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effective  analgesic  dose  in  non-tolerant  persons  was  6  mg.  ( 
capsules),  and  the  duration  of  action  was  5-10  hours. 

It  should  be  added  that  metopon  is  prepared  from  thebaine, 
that  it  is  expensive  and  difficult  to  make,  and  that  it  is  not 
available  in  this  country. 

Intravenous  Procaine  as  an  Analgesic 

The  use  of  intravenous  procaine  to  relieve  the  pruritus  as¬ 
sociated  with  jaundice  was  described  by  Lundy  (1942).  Its 
application  to  the  relief  of  pain  associated  with  burns  was  reported 
by  Gordon  (1943),  its  use  in  obstetric  analgesia  by  Allen  (1945), 
and  the  relief  of  postoperative  pain  was  described  by  McLachlin 
(1945).  The  results  of  over  2,000  infusipns  of  procaine  in  traumatic, 
inflammatory  and  other  states  have  been  presented  by  Graubard 
et  al  (1947).  They  administered  0.1  per  cent  procaine  hydro¬ 
chloride  at  a  rate  of  about  4  mg. /kg.  in  20  minutes  (i.e.  14  mg./ 
minute  in  a  70  kg.  patient).  Apart  from  relief  of  pain,  the  effects 
noted  were  a  sensation  of  warmth  in  the  whole  body,  flushing  of  the 
skin  of  the  face  and  neck,  a  dry  mouth,  mydriasis,  light-headedness 
and  a  feeling  of  relaxation.  Larger  doses,  e.g.  30-60  mg./minute, 
produced  dizziness,  apprehension  and  drowsiness,  perhaps  leading 
to  momentary  loss  of  consciousness.  Allen  (1945)  has  described 
signs  of  central  nervous  stimulation,  e.g.  convulsive  movements, 
with  high  rates  of  infusion  and  recommends  the  prior  administra¬ 
tion  of  barbiturates  to  prevent  these  effects. 

The  safety  of  intravenous  procaine  infusion  depends  on  the  rate 
of  destruction  of  this  compound  by  procaine  esterase  in  the  blood 
and  liver  (Kisch  et  al,  1943  ;  Burgen  and  Keele,  1948  ;  Brodie  et 
al,  1948).  Rovenstine  (1948)  has  suggested  that  the  analgesia 
produced  by  procaine  infusions  may  in  part  be  due  to  the  diethyl- 
aminoethanol  liberated  on  hydrolysis  of  procaine,  but  Rovenstine 
and  Papper  (1949)  found  that  very  large  doses  of  this  compound 
were  necessary  to  relieve  pain.  Intravenous  procaine  has  also  been 
used  in  recent  years  to  produce  vasodilatation  in  vascular  diseases, 
to  reduce  cardiac  irritability  in  arrhythmias  (by  a  quinidine-like 
action,  Dawes,  1946)  and  for  the  suppression  of  certain  allergic 
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conditions,  e.g.  urticaria,  serum  sickness,  and  penicillin-sensitivity 
reactions  and  asthma.  It  is  not  our  purpose  to  discuss  these  actions 
here;  the  review  of  Mushin  and  Rendell-Baker  (1049)  should  be 
consulted. 


Conclusions 


In  the  search  for  new  analgesic  drugs  the  general  aim  has  been 
to  find  substances  as  effective  as  morphine,  but  without  its  dis¬ 
advantages  such  as  respiratory  depression,  liability  to  produce 
nausea  and  vomiting,  its  constipating  action,  and.  most  important, 
its  capacity  to  produce  addiction.  Some  advances  have  been 
made  ;  for  example,  the  introduction  of  pethidine  as  an  obstetric 
analgesic  is  based  on  its  smaller  depression  of  respiration,  and 
both  pethidine  and  amidone  are  less  prone  to  cause  constipation 
than  morphine  ;  but  there  is  no  question  that  with  these  new 
drugs,  as  also  with  substances  chemically  derived  from  morphine, 
such  as  dilaudid  and  metopon,  there  is  still  a  definite  capacity  to 
produce  drug  addiction.  Indeed  it  might  even  be  suggested  that 
the  relief  of  severe  pain,  for  which  only  a  morphine-like  action  is 
effective,  wholly  depends  on  some  type  of  central  nervous  effect 
which,  when  repeated  in  certain  individuals,  will  produce  psychic 
habituation  and  physical  dependence.  The  advantages  to  be 
derived  from  the  newer  analgesics  lie  mostly  in  the  wider  available 
choice  of  drugs,  to  avoid  the  minor  toxic  effects  which  vary 


greatly  from  one  drug  to  another. 

It  must  not  be  expected  that  analgesic  drugs,  however  potent, 
will  be  found  effective  against  all  types  of  pain,  since,  as  already 
emphasized,  pain  is  a  very  complex  experience.  Moreover  .1  the 
intensity  of  pain  is  very  great  it  may  be  impossible  to  relieve  it 
bv  any  action  short  of  general  anaesthesia,  and  in  many  patients 
a' moderate  relief  of  pain,  without  side  effects,  is  preferable  to  a 
greater  analgesic  effect,  with  marked  side  actions.  It  must  be 
remembered  too  that  although  in  most  persons  increasing  doses 
of  analgesic  drugs  relieve  pain  before  producing  side  actions  the 
analgesic  and  toxic  ranges  may  overlap,  or  may  in  some  individuals 
even  be  reversed.  It  is  in  these  cases  that  it  is  most  useful  to  have 
available^  choice  of  drugs,  of  which  one  at  least  is  likely  to  be 


satisfactory. 
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Conclusions 
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greatly  from  one  drug  to  another. 

It  must  not  be  expected  that  analgesic  drugs,  however  potent, 
will  be  found  effective  against  all  types  of  pain,  since,  as  already 
emphasized,  pain  is  a  very  complex  experience.  Moreover,  if  the 
intensity  of  pain  is  very  great  it  may  be  impossible  to  relieve  it 
bv  any  action  short  of  general  anaesthesia,  and  in  many  patients 
a  moderate  relief  of  pain,  without  side  effects,  is  preferable  to  a 
greater  analgesic  effect,  with  marked  side  actions.  It  must  be 
remembered  too  that  although  in  most  persons  increasing  doses 
of  analgesic  drugs  relieve  pain  before  producing  side  actions  the 
analgesic  and  toxic  ranges  may  overlap,  or  may  in  some  individuals 
even  be  reversed.  It  is  in  these  cases  that  it  is  most  useful  to  have 
available  a  choice  of  drugs,  of  which  one  at  least  is  likely  to  be 

satisfactory. 


265 


references 


REFERENCES 


Allfn  F.  M.  (1945).  Amer.  J.  Surg.,  70,  283. 

D’ Amour,  F.  E.,  and  Smith,  D.  L.  (1941).  J.  Pharmacol. ,  72,  74. 
Andrews,  H.  L.  (1942).  J.  Pharmacol. ,  76,  89. 

Asher,  R.  (1948).  Lancet,  ii,  771. 

Barnes,  J.  (1947).  Brit.  med.  J.,  i,  437. 

*Batterman.  R.  C,  (1948).  ^nw.  N.Y .  Acad.  Set.,  51,  123. 

Batterman,  R.  C.,  and  Himmelsbach,  C.  K.  (1943).  ./.  Amer.  med. 
lss  122  222. 

Batterman,  ICC.,*  and  Oshlag,  A.  M.  (1949).  Anesthesiology,  10,  214. 
Benthin,  W.  (1940).  Dtsch.  med.  Wschr.  66.  760. 

*Bergel,  F.,  and  Morrison,  A.  L.  (1948).  Quart.  Rev.  chem.  Soc., 

Bernheim,  F.,  and  Bernheim,  M.  L.  C.  (1945).  •/.  Pharmacol.,  85,  *4. 
Brodie,  B.  B.,  Lief,  P.  A.,  and  Poet,  R.  (1948).  ./.  Pharmacol .,  94, 


359. 

Burgen,  A.  S.  V.,  and  Keele,  C.  A.  (1948).  Brit.  J.  Pharmacol.,  3.  128. 
Ciien,  Iv.  K.  (1948).  Ann.  N.Y  .  Acad.  Sci.,  51,  83. 

Christensen,  E.  M.,  and  Gross,  E.  G.  (1948).  Amer.  med.  Ass., 
137,  594. 

Christie,  R.  V.  (1943).  Lancet,  i,  294. 

Climenko,  I).  R.,  and  Berg,  II.  (1943).  ./.  Urol.,  49,  255. 

♦Council  on  Pharmacy  and  Chemistry  (1948).  Amer.  med.  Ass.. 
137,  1382  and  365. 

Cronheim,  G.,  and  Ware,  P.  A.  (1948).  J.  Pharmacol.,  92.  98. 

Curry,  J.  J.  (1947).  ./.  Amer.  med.  Ass.,  133,  243. 

Davies,  O.  L.,  Ravf.ntos,  J.,  and  Walpole,  A.  L.  (1946).  Brit.  J. 
Pharmacol.,  1,  255. 

Dawes,  G.  S.  (1946).  Brit.  ./.  Pharmacol.,  1,  90. 

Eddy,  N.  B.  (1947).  J.  Amer.  pharm.  Ass.  (Pract.  Pharm.  Ed.),  8,  430. 
Eisenbrandt,  L.  L.,  Abdou,  I.  A.,  and  Adler,  T.  Iv.  (1949).  Fed. 
Proc.,  8,  288. 

Eisleb,  O.,  and  Schaumann,  O.  (1939).  Dtsch.  med.  Wschr..  65,  967. 
Elliott,  W.  II.,  Chang,  F.  N.-H.,  Abdou,  I.  A.,  and  Anderson, 
H.  H.  (1949).  J.  Pharmacol.,  95,  494. 

Ercoli,  N.,  and  Lewis,  M.  N.  (1945).  ./.  Pharmacol.,  84,  301. 
Fitzgerald,  G.,  and  McArdle,  B.  (1943).  Lancet,  i,  296. 

Flataker,  L.,  and  Winter,  C.  A.  (1949).  Fed.  Proc..  8,  47. 
Fourneau,  E.  (1938).  Chim.  Ind.,  39,  1043. 

Gaensler,  E.  A.,  McGowan,  J.  M.,  and  Henderson,  F.  F.  (1948). 
Surgery.  23,  211. 

Gallen,  B.,  and  Prescott,  F.  (1944).  Brit.  med.  J.,  i,  176. 
Glazebrook,  A.  J.,  and  Branwood,  A.  W.  (1945).  Lancet,  ii,  528. 

♦Goetzl,  F.  R.,  Burrill,  D.  Y.,  and  Ivy,  A.  C.  (1943).  Quart.  Bull. 
Nthwest  Univ.  med.  Sch.,  17,  4  and  280. 

Gordon,  R.  A.  (1943).  Canad.  med.  Ass.  J.,  49,  478. 

Graubard  I).  J.,  Robertazzi,  R.  W.,  and  Peterson,  M.  C.  (1947) 
N.Y  .  St.  J.  Med.,  47,  2187. 


266 


ANALGESIC  DRUGS 


Grewe,  R.  (1946).  Naturmissenschaften,  33,  333. 

Gross,  E.  G.,  Brotman,  M.  A.,  Nagyfy,  S.  F.,  Sawtelle,  W.  W.,  and 
Zager,  L.  L.  (1949).  Fed.  Proc.,  8,  297. 

Gross,  E.  G.,  Holland,  H.  L.,  and  Schueler,  F.  W.  (1948).  J.  awl. 
Physiol.,  1,  298. 

Gruber,  C.  M.,  Hart,  E.  R.,  and  Gruber,  C.  M.,  Jnr.  (1941).  J. 
Pharmacol.,  73,  319. 

Hardy,  J.  D.,  Wolff,  H.  G.,  and  Goodell,  H.  (1940).  J.  clin.  Invest., 
19,  649. 

Hardy,  J.  D.,  Wolff,  H.  G.,  and  Goodell,  H.  (1943).  Ass.  Res. 
Nerv.  Ment.  Dis.,  23,  1. 

Harrison,  I.  B.,  and  Bigelow,  N.  H.  (1943).  Ass.  Res.  Nerv.  Ment. 
Dis.,  23,  154. 

IIershenson,  B.  B.  (1948).  Ann.  N.Y.  Acad.  Sc.,  51,  151. 

Hewer,  A.  J.  H.,  and  Keele,  C.  A.  (1948).  Lancet,  ii,  683. 

Hewer,  A.  J.  H.,  Keele,  C.  A.,  Keele,  K.  D.,  and  Nathan,  P.  W. 
(1949).  Lancet,  i,  431. 

Himmelsbacii,  C.  K.,  (1939).  J.  Pharmacol.,  67,  239. 

FIimmelsbach,  C.  K.  (1941).  Ann.  intern.  Med.,  15,  829. 
Himmelsbach,  C.  K.  (1942).  ./.  Pharmacol.,  75.  64. 

Himmelsbach,  C.  Iv.  (1943).  Pharmacol.,  79.  5. 

Houde,  R.  W.,  Rasmussen,  L.  H.,  and  LaDue,  J.  S.  (1948).  Ann. 
N.Y.  Acad.  ScL,  51,  161. 

Hougs-Olsen,  W.  (1949).  Acta,  pharmacol.,  5,  33. 

Isbell,  H.  (1948).  Ann.  N.Y.  Acad.  Sci.,  51,  108. 

Isbell,  H.  (1949).  J.  Pharmacol.  97,  182. 

Isbell,  FI.,  and  Eisenman,  A.  J.  (1948).  ./.  Pharmacol.,  93,  305. 
Isbell,  H.,  Wikler,  A.,  Eddy,  N.  B.,  Wilson,  J.  L.,  and  Moran, 
C.  F.  (1947).  ./.  Amer.  med.  Ass.,  135,  888. 

Jones,  C.  M.,  and  Chapman,  W.  P.  (1944).  Arch,  intern.  Med.,  73,  322. 
Keele,  K.  D.  (1948).  Lancet,  ii,  6. 

Kirchhof,  A.  C.  (1948).  Fed.  Proc.  7,  234. 

Kisch,  B.,  Koster,  H.,  and  Strauss,  E.  (1943).  E,rp.  Med.  Surg.,  1, 
Kolb,  L.,  and  Himmelsbach,  C.  K.  (1938).  Amer.  J.  Psychiat.,  94, 


759. 

Lee,  L.  E.  (1942).  J.  Pharmacol.,  75,  161. 
Lehman,  R.  A.,  and  Aitken,  T.  (1943).  , 
Lewis,  J.  R.  (1949).  Proc.  Soc.  exp.  Biol 
Lundy,  J.  S.  (1942).  “Clinical  Anaesthesia 


references 


2(u 


« 

Oufrst  F  W.  (1943).  J.  Pharmacol.,  79,  10. 

•6berst,  F.  W.;  Rkichabd,  J.  L  E„  and  Himmelsbach, 

C.  K.  (1943).  Fed.  Proc.,  2,  188. 

Ofner  P  Thorp,  R.  H.,  and  Walton,  E.  (1949).  Suture,  163,  479. 

C.,  Sonnenschein,  R.  R.,  Geossmann  L„  Jennev, 
E.  H.,  and  Bogolub,  S.  (1948).  Ann.  AM.  Acad.  Sci.,  51,  -1. 
Polonio,  P.  (1947).  Lancet,  i,  592. 

Prescott,  F.,  and  Ransom,  S.  G.  (1947).  Lancet,  it,  >01. 

Prescott,  F.,  Ransom,  S.  G.,  Thorp,  R.  H.,  and  Wilson,  A.  (194.)). 

Lancet,  i,  340.  _  . 

Randall,  L.  O.,  and  Lehmann,  G.  (1948).  .7.  1  harmacol.,  93,  314. 
Ravent6s,  J.  (1949)  (personal  communication). 

Report  of  an  investigation  into  the  use  of  trichlor ethylene  as  an  analgesic 
in  labour.  Royal  College  of  Obstetricians  and  Gynaecologists  (1948). 
Robbins,  B.  H.  (1945).  J.  Pharmacol.,  85.  198. 

Robbins,  B.  H.  (1949).  Anesthesiology,  10,  280. 

Roberts,  H.  (1948).  Brit.  med. J.,  ii,  590. 

Roby,  C.,  and  Schumann,  W.  R.  (1943).  Arner.  J.  Obstet.  Gynaec.,  45, 
318. 

Rovenstine,  E.  A.  (1948).  Ann.  N.Y.  Acad.  Sci.,  51,  145. 
Rovenstine,  E.  A.,  and  Papper,  E.  M.  (1949).  Bull.  AM  .  .lead. 
Med.,  25,  298. 

Scott,  C.  C.,  and  Chen,  K.  K.  (1946).  ./.  Pharmacol.,  87,  63. 

Seevers,  M.  H.,  and  Pfeiffer,  C.  C.  (1936).  .7.  Pharmacol.,  56,  166. 
Sonnenschein,  R.  R.,  and  Ivy,  A.  C.  (1949).  J.  Pharmacol.,  97,  308. 
♦Tainter,  M.  L.,  and  Buchanan,  O.  H.  (1949).  Calif.  Med.,  70,  35. 
Thorp,  R.  H.  (1946).  Brit.  J.  Pharmacol.,  1,  113. 

Thorp,  R.  II.,  Walton,  E.,  and  Ofner,  P.  (1947).  Nature,  159,  679. 
Thorp,  R.  H.,  Walton,  E.,  and  Ofner,  P.  (1947).  Nature,  160,  605. 
Uehiyama,  J.,  Kirchhof,  A.  C.,  and  David,  N.  A.  (1947).  Proc.  Soc. 
exp.  Biol.  AM'.,  66,  417. 

♦van  Dyke,  II.  B.  (1949).  Bull.  N.Y.  Acad.  Med.,  25,  152. 

*  Vogel,  V.  II.,  Isbell,  II.,  and  Chapman,  K.  W.  (1948).  .7.  Amer. 
med.  Ass.,  138,  1019. 

Way,  E.  L.  (1946).  J.  Amer.  pharm.  Ass.,  35,  44. 

Way,  E.  L.,  Gimble,  A.  I.,  McEi.way.  W.  P.,  Ross,  H.,  Sung,  C.  Y., 
and  Ellsworth,  II.  (1949).  ,7.  Pharmacol.,  96,  477. 

Way,  E.  L.,  Swanson,  R.,  and  Gimble,  A.  I.  (1947).  Pharmacol., 
91,  178. 

Wieder,  II.  (1946).  .7.  Amer.  med.  Ass.,  132,  1066. 

Wilson,  W.  M.,  and  Hunter,  R.  B.  (1948).  Brit.  med.  J.,  ii,  553. 

Wolff,  H.  G.,  and  Goooei.l,  11.  (1943).  Ass.  Res.  Nerv.  Merit.  Dis., 
23,  435. 

Wolff,  II.  G.,  Hardy,  J.  D.,  and  Goodell,  II.  (1940).  J.  din.  Invest., 
19,  659. 

Wolff,  H.  G.,  Hardy,  J.  D.,  and  Goodell,  11.  (1942).  J.  Pharmacol., 

OO. 


208 


A  NA  LG  ESI  C  DRUGS 


Woods,  L.  A.,  Wyngaarden,  J.  B.,  and  Servers,  M.  H.  (1947).  Proc. 
Soc.  exp.  Biol.  N.Y.,  65,  113. 

Woolfe,  G.,  and  Macdonald,  A.  D.  (1944).  ./.  Pharmacol .,  80,  300. 
Yonkman,  F.  F.  (1948).  Ann.  N.Y.  Acad.  Sci.,  51,  59. 

Yonkman,  F.  F.,  Noth,  P.  H.,  and  Hecht,  H.  II.  (1944).  Ann.  intern. 
Med.,  21,  7  and  17. 


CHAPTER  13 


THE  HEMOPOIETIC  SYSTEM 

Iron 

The  metabolism  of  iron  is  of  interest  not  only  with  respect 
to  the  fate  of  iron  in  the  diet,  but  also  in  relation  to  the  ad¬ 
ministration  of  iron  preparations  in  the  treatment  of  iron  deficiency 
anaemia,  which  is  our  chief  concern  in  this  section.  It  was  former  > 
thought  that  iron  was  absorbed  from  the  stomach  and  duodenum, 
and  that  any  excess  was  subsequently  excreted  by  the  colon. 
It  was,  however,  shown  by  Welch  et  al.  (1936),  in  studies  made  on  a 
young  woman  with  an  ileostomy  stoma  and  an  isolated  large 
intestine,  that  there  was  no  significant  excretion  of  iron  into  the 
colon.  MeCance  and  Widdowson  (1937  and  1938)  found  that, 
apart  from  a  small  initial  transient  excretion  of  iron  in  the  urine, 
intravenously  injected  iron  was  retained  by  the  body  ;  there  was 
no  evidence  whatever  that  parenterally  administered  iron  was 
excreted  by  the  large  intestine.  McCance  and  iddowson  there¬ 
fore  proposed  the  theory  that  the  iron  balance  of  the  body  is 
regulated  entirely  by  control  of  iron  absorption  ;  it  follows  from 
this  that  the  iron  which  normally  appears  in  the  faeces  represents 
iron  which  has  never  been  absorbed  from  the  intestine.  Further 
reports  by  these  authors  (McCance  and  Widdowson,  1937)  on  a 
patient  with  polycythemia  in  whom  severe  haemolysis  was  thera¬ 
peutically  induced  by  acetvlphenylhydrazine,  and  (McCance  and 
Widdowson,  194-3)  on  another  patient  with  very  severe  haemolytic 
anaemia,  who  received  numerous  blood  transfusions,  showed  that 
iron  excretion  was  negligible  in  spite  of  the  liberation  of  vast 
quantities  of  iron  from  the  haemolysed  red  cells.  From  this  work 
it  is  clear  that  the  control  of  iron  absorption  from  the  alimentary 
tract  is  extremely  important. 

Absorption  of  Iron 

It  is  not  proposed  to  discuss  in  detail  the  sources  and  types  of 
dietary  iron,  or  all  the  factors  which  may  influence  its  absorption, 
since  these  aspects  have  been  recently  reviewed  by  Cartwright 
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(1947)  and  Hynes  (1948).  The  older  indices  of  iron  absorption, 
e.g.  increases  in  haemoglobin  and  serum  iron  concentrations 
have  been  reinforced  in  recent  years  by  the  use  of  radioactive  iron’ 

Iron  is  absorbed  from  the  stomach  and  from  the  small  intestine 
(chiefly  the  upper  part),  and  there  is  evidence  that  absorption 
can  occur  from  the  colon.  Radioactive  iron,  when  fed  to  dogs, 
appears  quickl\  in  the  plasma  and  reaches  peak  concentrations 
in  4—8  hours,  which  suggests  that  absorption  is  complete  in  this 
time.  Numerous  factors  can  influence  the  absorption  of  iron  : — 

(1)  Dissociation  ot  iron  salts  is  considerable  in  acid  solutions, 
as  in  the  stomach,  but  above  pH  5.0  the  dissociation  is  very 
slight,  so  that  absorption  in  the  small  intestine  will  diminish 
rapidly  beyond  the  duodenum.  The  effect,  of  gastric  achlorhydria 
will  naturally  be  greater  on  absorption  of  the  small  quantities  of 
iron  in  the  diet,  than  on  the  absorption  of  the  large  doses  of  iron 
salts  administered  therapeutically.  The  action  of  free  gastric 
HC1  is  primarily  to  dissolve  and  ionize  the  iron.  A  further  point 
to  be  noted  is  that  the  iron  salts  brought  into  solution  by  HCl  will 
be  precipitated  in  the  small  intestine  in  a  finely  divided  state, 
in  which  it  will  be  quite  readily  absorbed. 

(2)  Substances  which  form  insoluble  compounds  with  iron 
diminish  its  absorption.  For  example,  Brock  and  Taylor  (1934) 
showed  that  phosphates,  and  McCance  et  al.  (1943)  showed  that 
phytic  acid,  could  reduce  absorption  of  iron. 

(3)  Ferrous  salts  are  better  absorbed  than  ferric  salts  in  man. 
This  fact  was  well  illustrated  by  Witts  (1936)  who  compared  the 
therapeutically  effective  doses  of  ferrous  and  ferric  compounds 
when  given  to  patients  with  hypochromic  anaemia.  Moore  et  al. 
(1939)  studied  the  absorption  of  iron  by  determining  the  level  of 
serum  iron  after  administration  of  iron  salts  by  mouth,  and  noted 
higher  values  after  ferrous  than  after  ferric  salts.  Moore  et  al. 
(1944),  have  also  measured  radioactive  iron  uptake  in  terms  of  its 
utilization  for  haemoglobin  formation.  Normal  men  utilized 
1.5-10  times  as  much  ferrous  as  ferric  iron,  and  in  patients  with 
hypochromic  anaemia  the  ratio  was  2—15  (fig.  30).  In  dogs  these 
differences  are  less  marked. 

(4)  The  relation  between  iron  absorption  and  bodily  need  for 
iron  is  very  interesting.  Hahn  et  al.  (1938)  showed  that  in  chronic 
haemorrhagic  anaemia  in  dogs,  absorption  ol  radioactive  iron  was 
greater  than  in  normal  animals.  Balfour  et  al.  (1942)  found  that  in 
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patients  with  hypochromic  anaemia  absorption  of  radioactive  iron 
was  10  times  as  great  as  in  normal  subjects  ;  they  a  ^  s  owe 
a  greater  absorption  of  iron  during  pregnancy.  Hynes  (1949)  has 
shown  that  when  the  iron  reserve  of  the  body  is  exhausted  bv 
repeated  bleedings,  the  utilization  of  dietary  iron  is  increased  to 
about  33  per  cent  (normal  =  7  per  cent).  Thus  iron  absorption  is 
increased  in  conditions  where  there  is  an  increased  bodily  demand 
for  this  element.  (Fig.  30  illustrates  this  point.) 

It  should  perhaps  be  added  that  the  amount  of  radioactive  iron 
present  in  circulating  haemoglobin  is  not  always  a  reliable  index 


Fig.  30 

Absorption  of  orally  administered  radio  iron  in  a  patient  with  livpo- 
chromic  microcytic  anaemia.  Ferrous  iron  is  better  absorbed  than  ferric 

iron. 

(After  Moore  et  al,  1944.) 
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of  iron  absorption.  For  example  Dubach  et  al.  (1946)  showed  that 
in  untreated  pernicious  anaemia  only  very  small  amounts  of  orally 
administered  radioactive  iron  appeared  in  the  blood  stream. 

owever,  after  a  reticulocytosis  had  been  produced  by  injection 
o  liver  extract,  the  proportion  of  radioactive  iron  found  in  the 
circulating  blood  increased  considerably  ;  this  suggests  that  in  the 
untreated  anaemia  the  iron  was  absorbed  and  stored  somewhere 
in  the  body,  but  could  not  be  utilized  until  the  total  haemoglobin 
production  was  much  increased.  Dubach,  Callender  and  Moore 
(1948),  also  found  that  in  patients  with  fever  or  with  refractory 
anaemias,  more  iron  is  absorbed  than  is  used  for  haemoglobin 
formation. 

Mechanisms  for  Control  of  Iron  Absorption 

Hahn  et  al.  (1943)  studied  in  dogs  some  of  the  mechanisms 
concerned  in  the  control  ot  iron  absorption.  Whereas  in  chronic 
haemorrhagic  anaemia  absorption  of  radioactive  iron  was  much 
increased,  acute  blood  loss  per  se  had  no  effect  on  iron  absorption 
within  24  hours  ;  similarly  the  production  of  anoxia  for  48  hours 
did  not  increase  iron  absorption.  They  also  noted  that  oral 
administration  of  an  iron  salt  a  few  hours  before  the  administration 
of  radioactive  iron,  reduced  the  absorption  of  the  latter  (“mucosal 
block”),  an  observation  which  harmonizes  with,  previous  findings 
that  small  doses  of  iron  are  more  efficiently  utilized  than  large 
ones.  These  authors  found  no  correlation  between  the  concentra¬ 
tion  of  iron  in  the  gut  and  the  serum  level,  and  in  order  to  explain 
all  these  facts  they  postulated  the  existence  of  some  “iron- 
acceptor”  mechanism  in  the  gastric  and  intestinal  mucosa.  In 
normal  persons  the  acceptor  mechanism  can  become  saturated 
within  1-2  hours,  but  desaturation  takes  several  days.  In  iron 
deficiency  anaemia  the  transfer  of  iron  from  the  “iron-acceptor 
to  the  plasma  is  accelerated,  and  so  more  iron  can  be  absorbed 
from  the  intestinal  lumen  to  combine  with  the  acceptor. 

Ferritin 

Granick  (1946  and  1947)  has  suggested  that  the  above  men¬ 
tioned  results  of  Hahn  et  al.  (1943)  can  be  most  simply  explained 
by  the  presence  of  ferritin  in  the  mucosa  ol  the  alimentary  tract, 
and  that  ferritin  is  also  concerned  with  storage  ol  iron  in  other 
organs  ;  its  role  in  this  latter  connection  will  be  discussed  later. 
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ferritin 

Ferritin  is  a  brown  coloured  compound  formed  ,b£ 
of  the  colourless  protein,  apoferritin  (mokcular 
with  small  micellar  units  of  a  particular  kind  of  ferric  h>‘lroxl< ’ 
the  iron  content  may  be  up  to  -23  per  cent  by  dry  weight  of  the 
compound.  Ferritin  was  first  isolated  by  Laufberger  1  - 

obtained  it  as  a  crystalline  compound  with  cadmium  sulphate 
apoferritin  also  crystallizes  with  cadmium  sulphate.  The  iron 
hydroxide  in  ferritin  is  curious  m  that  it  is  magnetically  d  . 
tinguishable  from  iron  hydroxide  found  elsewhere  in  nature, 
its  ferric  iron  contains  3,  instead  of  the  usual  5.  unpaired  electrons 

in  its  outer  shell.  .  .  .  xl  .  ,  .  •  , 

Granick  demonstrated  the  presence  of  ferritin  in  the  intestinal 

mucosa  by  its  formation  of  crystals  with  CdS04.  In  guinea  pigs, 
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METABOLIC  PATHWAYS  OF  IRON 

Fig.  31 

(After  Granick,  1947.) 

ferritin  was  normally  present  only  in  the  duodenal  mucosa,  and 
there  only  in  traces.  After  feeding  with  iron,  an  increase  in 
ferritin  content  was  seen  in  the  mucosa  along  the  whole  gastro¬ 
intestinal  tract.  In  the  duodenum  the  ferritin  content  reached  a 
peak  within  seven  hours,  and  decreased  by  the  third  to  sixth  day 
to  normal  levels.  These  changes  may  be  correlated  with  the  time- 
course  of  saturation  and  desaturation  of  the  “iron-acceptor” 
mechanism  of  Hahn  et  al.  (1943). 

Granick  has  proposed  the  following  scheme  for  absorption  of 
iron  (Fig.  31)  :  “Iron  is  absorbed  by  the  mucosal  cells  in  the 
ferrous  form.  In  the  mucosal  cells  it  is  postulated  that  an  equili¬ 
brium  exists  between  the  ferrous  iron  of  the  cells  and  the  ferric 
iron  of  ferritin.  In  the  presence  of  ferritin  the  cells  are  considered 
to  be  “physiologically  saturated”  with  ferrous  iron.  Only  when 
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the  ferritin  iron  has  decreased  to  a  point  where  the  cells  are  no 
longer  “physiologically  saturated”  with  ferrous  iron  would  more 
iron  be  absorbed  by  the  cell.”  Granick  has  shown  further  that 
before  administration  of  iron  there  is  not  only  very  little  ferritin 
in  the  mucosa,  but  practically  no  apoferritin  either  ;  it  therefore 
appears  that  the  absorption  of  iron  causes  the  rapid  formation  of 
the  specific  protein  to  which  it  can  become  attached.  When 
ferritin  loses  its  iron,  apoferritin  also  disappears. 

On  Granick  s  view  the  increased  iron  absorption  in  chronic 
haemorrhagic  anaemia  would  be  due  to  the  fall  in  the  serum  iron 
level,  which  in  turn  would  allow  ferrous  iron  to  pass  from  the 
mucosal  cell  to  the  blood  stream  ;  the  equilibrium  with  ferritin 
iron  would  be  disturbed  and  when  the  concentration  of  ferritin 
iron  had  been  sufficiently  reduced,  the  cell  would  no  longer  be 
saturated  with  respect  to  ferrous  iron.  At  this  stage  more  iron 
could  be  absorbed  by  the  cell  from  the  intestinal  lumen. 

Other  Actions  of  Ferritin 

Mazur  and  Shorr  (1948)  have  shown  that  ferritin  is  identical 
with  the  vaso-depressor  material  (VDM)  which  has  been  isolated 
from  the  liver  and  blood  of  dogs  in  irreversible  shock,  and  have 
suggested  from  studies  on  the  vessels  of  the  rat's  mesoappendix 
that  the  ferritin-apoferritin  system  is  important  in  the  regulation 
of  the  peripheral  circulation.  Corcoran  et  al.  (1949)  have,  however, 
found  that  in  rats  intravenous  injection  of  ferritin  has  no  consistent 
effects  on  blood  pressure  or  on  the  response  to  adrenaline. 

Baez  et  al.  (1949)  have  also  reported  that  ferritin  is  an  anti- 
diuretic  in  rabbits  and  dogs. 

Iron  Transport 

Moore  et  al.  (1939)  showed  that  iron  is  absorbed  from  the  gut 
into  the  blood  and  not  into  the  thoracic  duct  lymph.  They  found 
that  in  normal  subjects  the  oral  administration  of  10  G.  ot  teiiic 
ammonium  citrate  raised  the  serum  iron  level  from  100  to  360  ^ g ./ 
100  ml.,  this  peak  value  being  reached  after  4|  hours  ;  the  serum 
iron  level  returned  to  the  original  value  in  12  hours.  Hahn  tt  al. 
(1939),  using  oral  radioactive  iron  in  dogs,  noted  peak  plasma  iron 
values  at  4-8  hours,  with  a  return  to  normal  in  24  hours.  It  would 
appear  highly  probable  that  plasma  iron  is  iron  in  process  of  trans¬ 
port  from  the  site  of  absorption  in  the  gut,  or  from  sites  o 
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haemoglobin  breakdown,  to  sites  of  st.nage.  or  to  the^red 
bone  marrow  in  which  haemoglobin  s>  n  ies  s  50-180 

The  normal  plasma  iron  concentration  111 

f‘SLaureli"(1947)  has  studied  iron  transport  in  the  serum  in  some 
detail.  He  points  out  that  the  total  amount  ot  iron  present  m 
blood  serum  is  about  0.1  per  cent  ot  the  total  store  of  body  iron 
the  total  serum  iron  therefore  is  about  4  mg.,  and  since  about  25 
mg.  of  iron  are  required  daily  for  haemoglobin  synthesis,  consider¬ 
able  amounts  must  be  transported  from  the  sites  ol  breakdown  and 
storage  to  the  sites  of  haemoglobin  formation  in  the  bone  marrow. 
Laurell  has  also  shown  that  there  is  a  “saturation  limit  lor  the 
binding  of  iron  by  serum  ;  in  normal  subjects  about  315  p-g.  was 
the  maximum  amount  of  iron  which  could  be  bound  by  100  ml. 
of  serum.  In  the  latter  part  of  pregnancy  the  saturation  limit  rose 
to  446  fx g./100  ml.  Normally  the  serum  iron  level  is  about  1/3  of  the 
saturation  value,  but  in  anaemias  both  values  may  vary  inde¬ 
pendently  ;  for  example  in  chronic  haemorrhagic  anaemia,  the 
serum  iron  level  is  lowered  and  the  saturation  limit  raised,  'whereas 
in  pernicious  anaemia  the  reverse  occurs.  The  changes  in  infection 
will  be  discussed  later. 

Investigations  on  the  nature  ot  the  plasma  protein  which 
combines  with  iron  have  been  reported  by  Surgenor  et  ol.  (1949), 
who  found  that  Cohn’s  fraction  IV— 7  combined  with  metals  such 
as  copper,  zinc,  and  especially  iron.  This  fraction  is  a  globulin 
with  a  molecular  weight  of  90,000  ;  it  constitutes  about  3  per  cent 
of  the  total  plasma  protein,  and  has  been  shown  by  Jager  (1949)  to 
be  immunologically  homogeneous.  Rath  and  Finch  (1949)  showed 
that  1  mg.  of  this  pure  globulin  combines  with  1  .25  p,g.  of  iron. 
Laurell  (1947)  was  unable  to  determine  whether  the  iron  combined 
with  this  globulin  was  in  the  ferric  or  ferrous  form,  though  Granick 
has  assumed  that  the  high  02  tension  in  blood  would  produce 
ferric  iron. 


There  is  no  direct  passage  of  radioactive  iron  from  its  combina¬ 
tion  with  plasma  globulin  into  red  blood  cells  in  vitro,  and  the 
demonstration  by  Hahn  et  ol.  (1939)  that  in  anaemic  dogs  radio¬ 
active  iron  appeared  inside  the  red  cells  within  four  hours  of  oral 
administration,  probably  means  that  fresh  haemoglobin  formation 
in  the  bone  marrow,  incorporating  the  radioactive  iron,  had 
occurred  within  that  time. 
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Utilization  of  Intravenous  Iron 

The  utilization  of  intravenously  administered  radioactive  iron 
for  haemoglobin  formation  has  been  studied  by  Dubach  et  al.  (1946) 
and  by  Finch  et  al.  (1949).  In  normal  persons  the  amount  of  radio 
iron  in  the  red  cells  steadily  increased,  until  about  2  weeks  after 
injection  75  per  cent  was  found  in  these  cells,  the  remaining  25 
per  cent  presumably  having  been  stored  in  the  tissues.  In  patients 
with  iron  deficiency  anaemia,  in  whom  both  circulating  haemoglobin 
and  storage  iron  were  reduced,  the  initial  uptake  of  iron  was 
quicker  and  the  final  percentage  utilization  was  higher.  In  hcemo- 
chromatosis,  in  which  the  circulating  haemoglobin  was  normal  and 
the  storage  iron  enormously  increased,  the  final  utilization  of  iron 
did  not  exceed  20  per  cent,  and  in  aplastic  anarnia,  in  which  the 
circulating  haemoglobin  was  reduced  and  the  storage  iron  was 
normal,  a  similar  figure  was  recorded. 

Distribution  and  Storage  of  Iron 

The  distribution  of  the  total  body  iron  in  dogs  has  been  sum¬ 
marized  by  Hahn  (1937)  : — 


Table  10 


Circulating  Iron 

Available  Iron 
reserves 

Non-available  iron 
reserves 

Blood 

Liver  ) 

Myohaemoglobin  7% 

Haemoglobin  57% 

Spleen 

Bone  Marrow  1 

15% 

Parenchyma 
iron  ( c  y  t  o  - 

Elsewhere 

5% 

chrome,  cata¬ 
lase,  etc.  16% 

Totals  57% 

20% 

23% 

As  Hynes  (1948)  points  out,  these  figures  mean  that  the  available 
iron  reserve  is  about  850  mg.  which  is  sufficient  to  replace  about 
1 13  of  the  circulating  haemoglobin,  so  that  a  blood  loss  ol  this  oic  cr 
can  be  made  good,  in  a  healthy  subject,  without  need  for  ad¬ 
ministration  of  additional  iron.  However,  Hynes  (1949)  has  since 
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reported  an  experiment  in  which  a  subject  was  submitted  to 
repeated  bleedings  over  a  period  of  136  days  (total  blood  loss  was 
2  750  ml.).  The  iron  reserves  were  in  this  way  exhausted,  and 
calculations  showed  that  the  reserve  amounted  to  about  600  mg. 


The  iron  taken  up  by  the  liver,  spleen,  kidney  and  bone  marrow 
is  stored  mainly  in  the  form  of  ferritin.  Granick  and  Hahn  (1944) 
showed  that  after  intravenous  injection  ol  9  mg.  ot  radioactive 
iron  (as  ferric  ammonium  citrate)  in  dogs,  40  per  cent  was  recovered 
in  the  liver  after  one  hour,  and  60  per  cent  after  two  hours. 
After  13  days  82  per  cent  of  the  iron  was  present  in  the  liver  ; 
75  per  cent  of  the  iron  isolated  from  the  ferritin  rich  traction,  and 
from  the  crystalline  ferritin,  was  radioactive.  Hahn  et  al.  (1943) 
also  showed  that  the  iron  of  degenerating  erythrocytes  was 
similarly  stored  as  ferritin  in  the  liver.  They  transfused  erythro¬ 
cytes  containing  radioactive  iron  into  dogs,  to  which  they 
subsequently  gave  phenylhydrazine  in  order  to  produce  rapid 
luemolysis  ;  after  six  days  the  liver  contained  55  per  cent  of  the 
radioactive  iron,  and  some  of  this  was  present  as  ferritin. 

Hahn  (1948)  has  discussed  the  interesting  possibility  that  ferri¬ 
tin  may  be  identical  with  hcemosiderin.  The  latter  pigment  is 
found  in  large  quantities  in  the  macrophage-lymphoid  system  in 
diseases  involving  massive  blood  destruction,  or  following  repeated 
blood  transfusions,  especially  in  patients  with  decreased  luemo- 
poietic  function,  e.g.  aplastic  or  pernicious  anaemias  ;  it  is  also 
found  in  large  amounts  in  the  tissues  of  patients  with  haemo- 
chromatosis.  Its  presence  is  associated  with  the  familiar  Prussian 
blue  reaction  for  the  presence  of  iron  in  the  tissues.  It  has  been 
generally  held  that  haemosiderin  is  an  iron-globin  complex,  and 
Hahn  suggests  that  ferritin  has  a  similar  structure  ;  it  is  of  course 
true  that  apoferritin  has  a  molecular  weight  of  460,000  whereas 
that  of  globin  is  only  68,000,  but  the  former  may  be  formed  from 
the  latter  by  aggregation.  Both  ferritin  and  haemosiderin  can  be 
formed  in  the  lymphoid-macrophage  system  under  the  same 
conditions  and  from  similar  starting  materials.  Haemosiderin  is 
furthermore  available  for  haemoglobin  production  in  dogs  with 
experimental  anaemia,  and  Halm  suggests  that  haemochromatosis 
might  be  treated  by  repeated  bleeding  to  induce  an  anaemia. 

Granick  (1949)  has  reviewed  the  question  of  iron  metabolism 
in  hemochromatosis.  The  fundamental  abnormality  in  this  disease 
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appears  to  be  excessive  absorption  of  iron  from  the  gut,  perhaps 
due  to  a  greater  reducing  power  of  the  mucosal  cells  which  form 
more  ferrous  iron  than  usual.  The  serum  iron  level  is  raised. 

It  is  interesting  to  note  the  differences  in  availability  for  /Hemo¬ 
globin  formation  of  the  different  forms  of  iron.  Iron  liberated  by 
hcemolysis  is  immediately  used  again  to  re-form  haemoglobin, 
in  preference  to  the  available  reserves  (Cruz  et  al.,  1942),  and  iron 
salts ,  given  by  mouth  or  by  injection,  are  probably  as  readily 
used  for  the  same  purpose  (Dubach  et  al.,  1946).  It  has  been 
suggested  by  Greenberg  and  Wintrobe  (1946)  that  these  two 
forms  of  iron  represent  a  “labile  iron  pool”  on  which  the  first 
calls  are  made  for  haemoglobin  formation,  and  that  the  iron 
reserves  are  not  drawn  upon  until  the  pool  runs  dry.  There  is, 
however,  still  much  to  be  learnt  about  the  factors  concerned  with 
the  different  forms  of  stored  iron,  the  mechanisms  of  uptake  and 
removal,  and  the  maintenance  of  the  serum  iron  level. 

It  is  perhaps  worth  recalling  the  work  of  Brock  and  Hunter 
(1937),  and  Fowler  and  Barer  (1987),  who  studied  iron  balances  in 
patients  with  hypochromic  anaemia  who  received  large  therapeutic 
doses  of  ferric  ammonium  citrate  or  ferrous  carbonate  by  mouth. 
With  the  former  compound,  30-35  per  cent  was  retained  in  the 
body,  but  only  2  per  cent  was  transformed  into  haemoglobin. 
Thus  large  amounts  of  iron  were  stored  in  some  form  not  available 
for  haemoglobin  formation.  It  is  not  quite  clear  how  this  older 
work  is  to  be  correlated  with  recent  investigations  on  radioactive 
iron,  but  the  high  percentage  utilization  of  the  latter  (given  by 
mouth)  may  be  due  partly  to  the  fact  that  very  much  smaller 

doses  have  been  given. 


Excretion  of  Iron 

As  previously  emphasized,  iron  excretion  is  very  small  and  in¬ 
significant.  Urinary  excretion  may  amount  to  0.5  mg.  daily  ; 
biliary  excretion  (0.6-0. 8  mg.)  also  occurs  but  some  of  this  iron 
may  be  reabsorbed.  In  women  menstrual  blood  loss  may  result 
in  an  iron  loss  of  10-40  mg.  each  month,  or  say  an  average  of  1  mg. 
daily.  Thus  in  men  the  average  daily  iron  loss  is  about  1  mg.  aiu  m 
women  about  2  mg.  To  cover  these  losses  the  diet  for  a  mansion 
contain  about  5  mg.  of  iron,  and  women  and  growing  children 
about  IS  mg.  At  this  level  of  intake i  the elhc.eney  of  ah orptio 
and  utilization  is  about  10-12  per  cent  ol  the  intake  (Hahn,  1. 


279 


IRON  DEFICIENCY  AS.EMIA 

However  our  previous  ideas  on  iron  metabolism  will  have  to  be 
revised  if  the  work  of  Mitchell  and  Hamilton  (.949)  .s  confirmed 
They  have  found  that  sweat  contains  1-2  mg.  of  iron/htre,  a  level 
which,  under  appropriate  climatic  conditions,  could  constitute 
as  serious  an  iron  loss  as  menstrual  bleeding. 


Haemorrhage  and  Iron  Deficiency  Anaemia 

After  severe  blood  loss  during  a  short  period  oj  time ,  the  iron 
reserves  of  the  body  are  adequate  to  re-form  about  1/3  of  the  total 
haemoglobin,  though  iron  therapy  will  of  course  hasten  recovery. 
With  chronic  luemorrhage  the  iron  reserves  will  be  used  up,  and 
since  normal  blood  contains  50  mg.  of  iron/100  ml  the  iron  loss 
from  the  body  will  be  very  serious.  In  these  circumstances  it 
would  be  very  difficult  to  increase  dietary  iron  absorption  to  as 
much  as  20  mg.  daily,  and  since  up  to  50  mg.  daily  may  be  required 
for  maximal  regeneration,  iron  therapy  is  essential  lor  recovery. 
In  many  cases  of  iron  deficiency  anaemia,  whether  due  to  haemor¬ 
rhage  or  other  causes,  the  total  additional  iron  required  to  restore 
the  normal  haemoglobin  level  is  of  the  order  ol  1  G.  or  more  ; 
this  is  readily  provided  by  administration  ol  the  usual  iron  salts, 
e.g.  ferrous  sulphate  or  ferric  ammonium  citrate.  It  may  be 
useful  to  remember  that  1  G.  oj  haemoglobin  contains  3.34  mg.  oj 
iron,  and  that  about  25  mg.  of  iron  are  required  to  increase  the  hcemo- 
globin  concentration  by  1  per  cent.  The  doses  required  may  be 
calculated  from  Table  11  from  Witts  (1936). 


Table  11 

Iron  content  and  utilization  of  the  average  effective  dose  of  various 
Therapeutic  Preparations  (Witts,  1936). 


Preparation 

Iron  content  of 
average  dose 

Per  cent 
utilization 

Ferrous  chloride 

100  200  mg. 

12.5-25 

Ferrous  sulphate  . 

180  mg. 

14 

Ferrous  carbonate 

300-400  mg. 

6-8 

(Blaud’s  Pill) 

Ferric  chloride 

400  mg. 

6 

Ferric  citrate 

400  mg. 

6 

Iron  and  ammonium  citrate 

800—1,600  mg. 

1.5-3 
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Infection  and  Iron  Metabolism 


It  is  very  well  recognized  that  infections  and  inflammatory 
states  may  be  associated  with  anaemia.  The  mechanisms  involved 
in  the  production  of  this  anaemia  have  recently  been  studied  by  a 
number  of  workers.  Ilahn  et  al.  (1946)  produced  turpentine 
abscesses  in  dogs  and  showed,  bv  oral  administration  of  radioactive 
iron,  that  absorption  was  reduced  by  this  inflammation  from  the 
normal  range  of  18-41  per  cent  to  4-5  per  cent  of  the  total  amount 
given.  Wintrobe  et  al.  (194T)  showed  in  pigs  infected  with  Staphy¬ 
lococcus  aureus  or  Escherichia  coli ,  that  there  was  no  increase  in  the 
rate  of  haemoglobin  destruction,  but  that  hemoglobin  production 
was  impaired.  Greenberg  et  al.  (1947)  injected  radioactive  iron 
into  normal  rats  and  into  rats  in  which  abscesses  had  been  produced 
by  turpentine.  They  noted  reduced  haemopoiesis,  and  increased 
deposition  of  iron  in  the  liver  and  spleen  ;  there  was  no  significant 
diversion  of  iron  to  the  inflamed  tissues.  Greenberg  et  al.  (1947) 
injected  intravenous  ferrous  ascorbate  into  man,  and  showed  that 
in  the  presence  of  infection  the  iron  was  lost  from  the  plasma  more 
rapidly  than  normal,  and  even  when  the  plasma  iron  was  raised 
to  the  levels  which  could  be  produced  in  normal  subjects,  haemo¬ 
globin  formation  did  not  occur.  Cartwright  and  Wintrobe  (1949) 
measured  the  total  iron-binding  capacity  of  the  serum  in  normal 
individuals  and  in  patients  with  chronic  infections.  Their  normal 
value  was  359  pg.  of  iron/100  ml.  serum.  In  infection,  the  values 
were  mostly  between  100  and  200  pg.  of  iron/100  ml.  serum,  and 
the  percentage  saturation  of  iron-binding  protein  had  fallen  from 
the  normal  level  of  35  per  cent  to  less  than  20  per  cent.  Thus  the 
anaemia  of  infection  seems  to  be  due  to  : 


(i)  Reduced  absorption  of  iron  from  the  gut. 

(ii)  Diminished  *  serum  iron-binding  capacity,  and  reduced 

serum  iron  level. 

(iii)  Diminished  capacity  for  haemoglobin  s\  nthesis. 

Finch  et  al  (1949)  have  studied  the  utilization  ol  intravenously 
injected  radioactive  iron  in  various  human  infections  In  normal 
subjects  80  per  cent  of  the  injected  dose  of  1  mg.  ol  ferric  am¬ 
monium  citrate  was  incorporated  in  haemoglobin  within  -  • 
weeks.  In  patients  with  infections  the  hgure  was  frequent!} 
reduced  to  less  than  50  per  cent,  and  in  one  patient  with  lo  lat 
pneumonia  the  utilization  was  only  U  per  cent. 
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*28] 


Intravenous  Iron 

The  desirability  of  suitable  iron  preparations  for  parenteral 
administration  has  frequently  been  expressed,  since  some  patients 
with  hypochromic  anaemia  cannot  be  satisfactorily  treated  with 
the  usual  preparations  given  by  mouth.  A  significant  proportion 
of  people  suffer  gastro-intestinal  upsets  with  orally  administered 
iron,  and  others  fail  to  absorb  iron  given  by  this  route.  Heath  et  al. 
(1932)  found  that  in  man  parenteral  iron  was  about  100  per  cent 
utilized  for  haemoglobin  formation,  and  that  32  mg.  ol  ferric 


ammonium  citrate  by  subcutaneous  or  intramuscular  injection 
was  equivalent  to  about  1,000  mg.  by  mouth.  The  difficulty  has 
of  course  been  the  toxicity  of  the  preparations  used.  Heath  et  al. 
(1932),  for  example,  reported  severe  pain  at  the  site  of  injection 
for  24  hours,  and  general  reactions  such  as  flushing  of  the  skin, 
palpitations,  and  nausea,  vomiting  and  diarrhoea,  and  central 
nervous  depression.  Intravenous  injection  of  some  preparations 
has  produced  embolic  phenomena,  presumably  from  precipitation 
of  the  iron  compound,  or  from  flocculation  of  plasma  proteins,  in 
the  blood  stream.  After  intravenous  injection  of  iron  preparations 
the  iron  in  excess  of  that  which  can  be  bound  by  the  plasma  j8j 
globulin,  will  rapidly  leave  the  blood  stream  and  become  part  of 
the  labile  iron  pool.  This  unbound  iron  is  probably  responsible 
for  the  general  reactions  which  follow  intravenous  injection  of 
some  iron  preparations. 

Attempts  have  been  made  in  recent  years  to  find  new  iron 
preparations  for  parenteral  administration.  For  example,  Ruskin 
and  Katz  (1936)  tried  ferrous  adenylate,  Little  et  al.  (1945) 
gave  ferrous  ascorbate  intravenously,  Hahn  (1946)  introduced 
a  colloidal  ferrous  iron  preparation  and  Goetsch  et  al.  (1946) 
tried  colloidal  ferric  hydroxide  by  intravenous  injection. 
These  preparations  have  proved  unsatisfactory,  mainly  because 
ol  their  toxicity.  An  important  advance  in  this  field  was 
made  by  Nissim  (1947).  He  first  found  that  intravenous 
administration  of  colloidal  ferric  hydroxide  produced  pyrexial 
reactions  and  local  thrombophlebitis  ;  he  then  tried  a  solution  of 
saccharated  iron  oxide  which  was  much  better  tolerated,  and  with 
doses  up  to  250  mg.  of  elemental  iron  practically  no  reactions 
were  seen  Doses  of  500  mg.  and  1  G.  did  produce  some  reactions 
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Preparation  and  Standardization  of  Saccharated  Iron  Oxide 

for  Intravenous  Injection 

Nissim  and  Robson  (1949)  have  given  a  detailed  account  of  the 
method  of  preparation  of  saccharated  iron  oxide  for  intravenous 
administration.  The  essential  chemical  reaction  is  the  interaction 
of  ferric  hydroxide  with  sucrose  in  the  presence  of  sodium 
hydroxide  to  produce  iron  sucrate  (saccharated  iron  oxide). 
However,  the  reaction  is  very  variable,  depending  largely  on  the 
properties  of  the  ferric  hydroxide,  and  some  samples  of  iron 
sucrate  may  be  only  partially  soluble  in  water.  Nissim  and  Robson 
found  that  the  best  procedure  is  to  add  ferric  chloride  to  sodium 
carbonate  which  react  according  to  the  equations  : — 


(i)  2FeC  13  3Na2C  03 

(ii)  Fe2(C03)3  +  6H0O 


->  6NaCl  +  Fe2(C03)3 
->  2Fe(OH)3 


3H2C03 


The  most  soluble  iron  sucrate  is  produced  when  the  ferric  hyd¬ 
roxide  is  dissolved  in  excess  ferric  chloride  and  then  reprecipitated 
with  sodium  carbonate.  The  sodium  chloride  is  then  removed  by 
washing  with  distilled  water,  and  after  decanting,  sucrose  and 
sodium  hydroxide  are  added  (pH  about  11.7).  The  mixture  is 
then  heated  in  a  flat  porcelain  dish  in  an  oven  at  130  t'.  and  the 
saccharated  hydroxide  gradually  dissolves  to  an  almost  black 
solution.  This  is  evaporated  to  dryness  and  the  iron  sucrate 
dissolved  in  distilled  water  to  give  a  solution  containing  2  per  cent 
elemental  iron,  which  is  filtered  and  sterilized  by  autoclaving  at 
115-116°C.  for  half  an  hour.  The  original  paper  must  be  consulted 
for  details  of  this  method  of  preparation,  and  for  a  discussion  ot  the 
many  variables  which  may  influence  the  nature  of  the  final  product. 

Nissim  and  Robson  (1949)  have  shown  that  saccharated  iron 
oxide  preparations  must  be  standardized  biologically  by  toxicity 
tests  in  mice.  A  sample  which  had  been  successfully  used  clinically 
was  chosen  as  the  standard  ;  its  LD50  on  intravenous  injection 
was  180  mg.  of  iron  per  kg.  body  weight.  The  best  sample  prepared 
by  Nfeim  and  Robson  had  an  LD50  of  300  mg./kg.  m  mice.  and 
to  300  mg.  of  such  samples  were  given  intravenously  in  man 
w  th  no  toxic  effects.  Studies  of  the  toxicity  of  saccharated  iron 
oxide  in  mice  revealed  no  evidence  of  any  cause  ol  death  apar 
from  precipitation  of  iron  in  the  lungs,  intestine,  liver,  kidney 

heart. 
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'Flic  dark  colour  of  saccharated  iron  oxide  solutions  makes  it 
impossible  to  test  the  intravenous  location  of  the  needle  tip  y 
usual  procedure  of  withdrawing  blood  by  suction  with  the  piston 
of  the  syringe.  On  the  other  hand  the  colour  soon  reveals  the 
presence  of  peri-venously  injected  solution. 


Effects  of  Intravenous  Saccharated  Iron  Oxide 

in  Anaemia 

Nissini’s  First  report  was  mainly  concerned  with  the  demonstra¬ 
tion  that  iron-sucrose  solutions  were  well  tolerated  on  intravenous 
injection,  but  he  recorded  large  increases  in  haemoglobin  levels  in 
two  patients  after  infusions  of  500  mg.  of  iron.  Nissim  and  Robson 
(1949)  have  reported  dramatic  responses  after  300  mg.  ol  iron  in 
their  new  preparation  in  patients  with  hypochromic  anaemia  who 
were  refractory  to  oral  iron.  Slack  and  U  ilkinson  (1949)  have  given 
intravenous  iron-sucrose  to  60  patients  with  iron-deficiency 
amcmia  (10  refractory  to  oral  iron)  and  reported  very  striking 
clinical  and  haematological  responses.  They  usually  gave  initial 
doses  of  25  mg.  of  iron  daily,  and  then  gradually  increased  these 
up  to  200  mg.  daily  or  twice  daily,  and  noted  practically  no  local 
or  general  reactions  (300  mg.  of  iron  in  their  preparation  did  pro¬ 
duce  some  reactions).  They  confirmed  previous  findings  that  injected 
iron  is  nearly  100  per  cent  utilized  for  haemoglobin  formation,  but 
patients  with  chronic  infection  required  much  larger  doses  than 
the  others  to  raise  the  haemoglobin  level  to  normal.  Govan  and 
Scott  (1949)  administered  the  preparation  Ferrivenin  to  25 
aiuemic  pregnant  women,  and  recorded  rapid  increases  in  haemo¬ 
globin  concentration,  c.g.  8  per  cent  in  one  week  ;  oral  iron  is  too 
slow  in  action,  is  frequently  not  tolerated,  and  is  sometimes 
ineffective  in  such  cases.  Sinclair  and  Duthie  (1949)  have  des¬ 
cribed  the  results  of  intravenous  iron  therapy  in  patients  with 
hypochromic  anaemia  associated  with  rheumatoid  arthritis,  who 
did  not  respond  to  iron  by  mouth.  They  noted  good  responses  to 
Ferrivenin  in  those  patients  who  had  a  low  ervthrocyte  sedimenta¬ 
tion  rate,  but  observed  very  little  improvement  in  those  who  had 
a  high  E.S.R. 

Since  intravenous  iron  is  quantitatively  converted  to  hemo¬ 
globin  it  should  be  possible  to  calculate  the  amount  of  iron 
l equired  to  raise  the  haemoglobin  concentration  to  normal; 
100  mg.  of  elemental  iron  should  increase  the  blood  hemoglobin 
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by  0.55  G./100  ml.  (4  per  cent  on  the  Haldane  scale),  but  in 
chronic  iron-deficiency  anaemia  the  iron  reserves  are  depleted  to 
an  unknown  degree.  Slack  and  Wilkinson  (1949)  suggest  that 
50  per  cent  should  be  added  to  the  calculated  iron  requirement 
in  order  to  raise  the  reserve  iron  to  normal. 

The  toxic  effects  which  result  from  the  administration  of  unduly 


Showing  the  effect  of  intravenous  injections  ol  saccharated  iron 
oxide  on  haemoglobin  formation.  The  patient  was  a  girl  of  19  with 
hypochromic  amemia  who  failed  to  improve  on  oral  iron,  lhe 
graph  shows  the  actual  and  theoretical  responses  to  the  "pectins. 
The  patient  maintained  her  improvement  for  8  months  (after  which 
she  no  longer  attended  hospital). 
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large  -loses  of  saccharated  iron  oxide  arc  those  of 
holism  in  the  pulmonary  and  systemic  circulation  They  mcludc 
ri-rors.  collapse  with  fall  in  blood  pressure,  tachycardia,  dyspn 
and  cyanosis,  pleuritic  and  low  hack  pain  abdommal  pain  w.tl 
diarrhoea,  etc.  Subsequently  pyrexia  may  develop.  The  threshol 
•at  which  such  symptoms  occur  depends  on  the  actual  preparation 
use-1  With  Kcrrivenin.  and  with  Slack  and  Wilkinson  s  prepara¬ 
tion.  the  upper  safe  limit  seems  to  be  200  mg.  Fe  per  injection 
(Slack  and  Wilkinson,  1949).  With  the  best  samples  reported  by 
Kissim  and  Robson  (1949)  doses  of  300  mg.  Fe  appear  to  be 

completely  free  from  reactions.  , 

With  certain  samples,  impurities  in  the  sugar  of  saccharatec 
iron  oxide  appear  to  be  responsible  for  a  toxic  reaction  ol  a  dmeren  ■ 
category  characterized  chiefly  by  rapid  onset,  transient  duration 
and  freedom  from  sequelae.  This  reaction  is,  however,  very  un¬ 
pleasant  to  the  patient  who  experiences  severe  pain  in  the  back 
and  in  the  chest  and  arms  which  is  similar  in  character  and 
distribution  to  the  pain  of  angina.  The  best  samples  ot  saccharated 
iron  oxide  prepared  with  Analar  sucrose  appear  to  be  lree  from  sue  h 
reactions. 


Pteroylglutamic  Acid  (Folic  Acid) 
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Pteroic  Acid 
Pteroylglutamic  Acid  (Folic  Acid) 


Pteroy lglutamic  acid  is  a  recently  identified  constituent  of  the 
vitamin  13  group,  which  occurs  naturally,  chiefly  as  conjugates,  in 
such  food  sources  as  yeast,  liver,  kidney,  milk,  grasses  and  green 
leaves.  Its  isolation  by  Mitchell  et  al.  (1941)  from  spinach  and 
other  green  leaves  led  to  the  name  “Folic  Acid,”  but  the  term 
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pteroylglutamic  acid  (PGA)  is  more  satisfactory  as  it  is  chemically 
descriptive.  Folic  acid  antagonists  are  discussed  in  Chap.  15. 


Conjugates  of  PGA 

Pter oyltriglutamic  acid  (PTGA)  and  Pieroylheptaglutamic  acid 
(PHGA)  are  formed  by  the  attachment  in  peptide  linkage  of  2 
and  6  glutamic  acid  residues  respectively  to  the  glutamic  acid 
radical  of  PGA. 

Jukes  and  Stokstad  (1948)  have  reviewed  the  many  convergent 
lines  of  experimental  work  in  this  field.  Firstly,  it  has  been  shown 
that  PGA  is  essential  for  the  growth  of  certain  bacteria,  e.g. 
Streptococcus  lactis  R.  and  Lactobacillus  casei  :  secondly,  it  has  been 
found  to  be  necessary  for  certain  actions  in  different  species  of 
animals.  For  example,  it  is  almost  certainly  identical  with  vitamin 
M,  which  is  effective  against  a  macrocytic  hyperchromic  anaemia 
with  leucopenia  and  granulocytopenia,  produced  experimentally 
in  rhesus  monkeys,  and  also  with  vitamin  13c,  which  prevents 
nutritional  anaemia  in  chicks.  In  rats,  PGA  is  apparently  formed 
in  adequate  quantities  bv  bacterial  action  in  the  intestine,  and 
sterilization  of  the  alimentary  tract  by  administration  of  suceinyl- 
sulphathiazole  or  sulphaguanidine  leads  to  leucopenia,  agranulo¬ 
cytosis,  aplastic  anaemia  and  thrombocytopenia,  all  oi  which  are 
corrected  by  administration  of  PGA. 

It  is  of  interest  that  p-aminobenzoic  acid  functions  as  a  pre¬ 
cursor  of  PGA  in  the  nutrition  of  certain  bacteria,  and  that  the 
bacteriostatic  action  of  the  sulphonamides  in  such  organisms  may 
be  due  to  inhibition  of  the  enzyme  system  which  synthesizes 
PGA  from  p-aminobenzoic  acid  (see  Chap.  15). 

It  has  in  addition  been  found  that  thymine  is  an  effecti\e 
substitute  for  PGA  in  promoting  growth  of  Lactobacillus  casei 
and  Streptococcus  lactis  R. 


Pteroylglutamic  Acid  in  Pernicious  Anaemia 

The  actions  of  synthetic  PGA  in  pernicious  anaemia  were 
reported  first  in  America  by  Vilter  et  al.  (1945)  and  by  Moore  et  al. 
(1945).  The  position  has  been  reviewed  by  Davidson  (1948)  and  by 
Wilkinson  (1948),  who  summarize  the  facts  as  follows 

(1)  PGA,  wdiether  given  by  mouth  (usually  10-20  mg.  dad\) 
or  as  the  disodium  phosphate  salt  parenterally,  produces  a  prompt 
reticulocytosis  within  5-10  days,  but  it  is  generally  agreed  that  the 
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peak  response  is  less  than  with  potent  liver  extracts  (Haden, 

1948  ;  Clark,  1948).  .  .  , 

(2)  The  megaloblastic  sternal  bone  marrow  is  rapidly  converted 

to  a  normoblastic  one,  this  change  always  being  complete  before 

the  maximal  reticulocyte  response  occurs. 

(3)  The  increases  in  blood  haemoglobin  concentration  and  red 
cell  count  are  comparable  in  rate  and  completeness  to  those  which 
follow  the  administration  of  liver  extract  (Fig.  33),  but  subse¬ 
quently  the  values  may  not  be  so  well  maintained,  and  slight 


Fig.  33 

Response  of  patient  with  pernicious  anaemia  to  folic  acid. 

(After  Spies,  1947.) 


macrocytosis  may  be  observed.  White  cell  and  platelet  counts  also 
increase. 

(4)  Clinical  symptoms  improve  rapidly  after  PGA  in  much  the 
same  way,  and  at  the  same  rate,  as  with  liver  extract  or  hog’s 
stomach  preparations.  The  patient  feels  better  even  before  the 
reticulocyte  peak  occurs,  and  improvement  in  alimentary  symp¬ 
toms  soon  follows,  though  glossitis  may  be  less  affected  than  with 

li\ti  therapy  (Ross  et  al .,  1948).  Central  nervous  symptoms, 
however,  persist. 
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PGA  and  Neurological  Complications  of 
Pernicious  Anaemia 

A  most  important  aspect  ot  the  action  of  PGA  in  pernicious 
anaemia,  from  both  the  theoretical  and  practical  viewpoints,  is 
the  absence  of  effect  on  the  neurological  complications  of  this 
disease.  It  has  become  abundantly  clear  that  peripheral  neuritis 
and  subacute  combined  degeneration  of  the  spinal  cord  are  not 
improved  by  PGA,  and  further,  that  these  complications  may 
actually  arise  in  patients  being  treated  with  this  substance,  even 
after  a  good  lnematological  response  has  been  produced  (Spies  and 
Stone,  1947).  Wilkinson  and  Israels  (1947)  added  figures  recorded 
from  the  literature  to  their  own,  and  showed  that  of  180  patients 
with  pernicious  anaemia,  treated  with  PGA,  00  developed  severe 
neurological  complications,  which  subsequently  improved  after 
treatment  with  liver  extract  or  hog’s  stomach.  It  has  been 
suggested  that  PGA  might  produce  damage  to  the  central  nervous 
system,  but  this  seems  most  unlikely  since  such  involvement  does 
not  occur  when  other  types  of  macrocytic  anaemia  are  treated  with 
this  substance. 

These  findings  make  it  clear  that  PGA  should  never  be  used 
alone  in  the  treatment  of  pernicious  anaemia,  though  Dameshek 
(1948)  thinks  it  may  be  of  value  as  an  adjuvant  to  liver  therapy. 


Other  Considerations  About  PGA  in  Pernicious  Anaemia 

(1)  PGA  is  not  the  extrinsic  factor  of  Castle  since  it  is  active 
without  pre-digestion  with  gastric  juice,  and  is  effective  on 
injection. 

(2)  PGA  is  not  haemopoietin  (Castle’s  intrinsic  factor)  which 
is  readily  destroyed  by  heat. 

(3)  PGA  is  clearly  not  the  active  principle  present  in  liver 
extracts  since  the  effective  daily  dose  of  PGA  is  10-20  mg.  while 
the  daily  requirement  of  a  potent  liver  extract  contains  only 

0.02-3.7  ^g.  of  PGA  (Clark,  1945). 

An  interesting  point  concerning  the  mode  of  action  of  liver 
extract  has  been  raised  by  the  work  of  Heinle  et  al.  (194j)  an 
Bethell  et  al.  (1947)  on  conjugated  PGA.  They  found  that  in 
normal  persons  parenteral  administration  of  pteroylheptaglutami 
acid  (PHGA)  produced  a  considerable  excretion  of  IGA  in  i 
urine,  whereas  in  patients  with  pernicious  amemia  there  was  no 
such  response.  However  in  three  patients  with  pern.cious  an.-enna, 
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who  were  well  controlled  by  Hwr  th^py^  PHGA  arUmniste  ^ 

produced  the  same  suggested  that  the  anti¬ 
in  normal  subjects.  these  auti  „,iittm£>  PHGA  to 

anaemic  liver  principle  might  act  as  a  co  -  '  ,  t”  stjmulate 

form  PGA,  which  could  then  whole  story, 

normal  erythropoiesis.  This  ob  •  esent  in  foods  con- 

bnt  it  is  interesting  to  note  that  1  GA  i  1  /■dttpai 

t  ring  the  vitamin  B  complex  in  the  conjugated  form  PHGA) 
It  should,  however,  be  added  that  Wilkinson  and  tod.  (1949) 
recorded  different  results  when  they  admmistered  two  syntheti^ 
folic  acid  conjugates,  pteroyl-y-tnglutamic  acid  (t  p  ) 

pteroyl-a-diglutamic  acid  (dioptenn)  to  patients  with  permcmu 
anaemia.  When  given  by  intramuscular  or  intravenous  inject  o 
in  doses  of  40-100  mg.  daily,  these  substances  produced  the  same 
kind  of  response  as  occurs  with  PGA  alone.  These  authors  there 
fore,  suggest  that  folic  acid  conjugates  are  split  normally  y 
patients  with  pernicious  anaemia,  and  they  consider  that  previous 
failures  to  demonstrate  such  an  action  were  due  to  the  use  ot  too 
small  doses  of  conjugates,  and  to  the  presence  of  conjugase 
inhibitors  in  the  concentrates  employed. 


Response  of  patient  with  nutritional  macrocytic  anaemia  to  folic  acid. 

(After  Spies,  1947.) 
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PGA  in  Other  Anaemias 

It  may  be  stated  generally  that  PGA  is  effective  only  in  the 
treatment  of  macrocytic  anaemias  with  some  megaloblastic  change 
in  the  bone  marrow.  These  conditions  include  : — 

(*)  Nutritional  Macrocytic  Anaemia.  Spies  et  al.  (1948)  observed 
satisfactory  clinical  and  haemopoietic  responses  with  PGA  in  32 
patients  with  this  type  of  anaemia  (see  Fig.  34). 

(ii)  Liver-refractory  Macrocytic  Anaemias.  Davidson  (1948)  has 
reported  excellent  therapeutic  effects  with  PGA  in  25  cases  of 
idiopathic  liver-refractory  megaloblastic  anaemia ;  proteolysed 
liver  was  also  effective,  partly  owing  to  its  content  of  PGA. 

(Hi)  Sprue.  In  trojeical  sprue  Lopez  et  al.  (1946)  reported 
excellent  haematologieal  responses  with  PGA,  but  it  is  probable 
that  their  patients  were  also  suffering  from  a  direct  nutritional 
deficiency  leading  to  a  megaloblastic  bone-marrow.  Of  ten  patients 
with  the  sprue  syndrome  seen  in  Edinburgh  by  Davidson  et  al. 
(1947)  only  one  showed  a  haematologieal  response  to  PGA,  and  this 
case  was  also  the  only  one  with  a  megaloblastic  bone-marrow. 

It  is  interesting  that  in  tropical  sprue  and  in  idiopathic  steator- 
rhoea,  PGA  controlled  diarrhoea  and  produced  clinical  improve¬ 
ment,  whatever  the  haematologieal  effect.  PGA  did  not  improve 
fat  absorption  (Davidson  et  al.,  1947). 

Blood  Diseases  Which  Do  Not  Respond  to  PGA 

PGA  has  no  beneficial  effects  in  hypochromic  microcytic 
anaemias,  haemolytic  anaemias,  refractory  megalocytic  anaemias 
with  normoblastic  marrows,  acute  and  chronic  leukaemias  of  all 
tvpes,  aplastic  or  hypoplastic  anaemias,  agranulocytosis,  neutro¬ 
penias  or  thrombocytopenic  purpura  (Wilkinson,  1948). 

Thymine 
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Spies  et  al.  (1946)  found  that  thymine  in  daily  dosage  of  4. 

10  G.  produced  a  reticulocytosis  and  increases  in  hemoglobin  and 
red  cell  count  in  three  patients  with  pernicious  anemia,  and  Lopez 
et  al.  (1948)  described  its  effectiveness  in  tropical  sprue. 

Like  PGA  it  had  no  effect  on  the  neurological  complications  ot 
pernicious  anaemia  (Spies  and  Stone,  1947). 


Comparisons  of  Thymine,  PGA,  and  Vitamin  B12 

Spies  et  al.  (1948)  studied  the  comparative  effectiveness  ot 
thymine,  PGA  and  vitamin  B12  in  nutritional  macrocytic  anaemia, 
tropical  sprue  and  pernicious  anaemia.  They  established  the 
following  approximately  equivalent  doses  for  these  compounds 

Thymine  6  —  10  G.  orally 

=  10  mg.  PGA  orally  =  6  —  23  /xg.  vitamin  B12 

intramuscularly. 


Vitamin  B12 

During  the  past  twentv  years  much  work  has  been  done  in  the 
search  for  the  liver  substance  active  in  pernicious  anaemia,  and 
recently  a  most  important  advance  has  been  made  (see  review  by 
Smith;  1949).  Rickes  et  al.  (1948)  in  America,  and  Lester  Smith 
(1948)  in  this  country,  almost  simultaneously  announced  the  isola¬ 
tion  from  liver  of  an  extremely  potent  red  pigment,  which  the 
former  workers  were  the  first  to  prepare  as  small  crystalline  red 
needles.  In  their  study  of  the  activity  of  various  liver  fractions 
Rickes  et  al.  (1948)  used  a  test  devised  by  Shorb  (1948),  who  found 
that  the  micro-organism  Lactobacillus  lactis  Dorner  requires  for  its 
growth  a  substance  apparently  identical  with  the  anti-anemic  sub¬ 
stance  of  liver.  The  red  crystalline  material,  which  was  named 
“ vitamin  B12,’'  was  many  thousands  of  times  as  active  as  a  standard 
liver  concentrate  in  promoting  the  growth  of  the  lactobacillus,  and 
preliminary  clinical  studies  by  West  (1948)  showed  that  as  little 
as  3-6  /xg.  of  the  substance  produced  reticulocytosis  in  patients 
with  pernicious  anemia.  Rickes  et  al.  (1948)  stated  that  1  /xg.  of 
vitamin  B12  was  equivalent  in  activity  to  1  U.S.P.  injectable  unit 
(which  is  the  daily  amount  of  liver  extract  required  to  produce  a 
satisfactory  clinical  and  hematological  response)  and  suggested 
that  20—60  /xg.  of  vitamin  B12  would  probably  be  required  to 
produce  a  remission  in  pernicious  anemia. 
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Studies  on  the  chemistry  of  vitamin  B12  have  been  reported  by 
Lester  Smith  (1948)  and  by  Riekes  et  al.  (1948).  The  first 
interesting  finding  was  the  demonstration  of  the  presence  in 
the  crystals  of  4  per  cent  cobalt,  which  is  probably  responsible 
for  the  red  colour.  If  each  molecule  of  vitamin  B12  contains  1 
atom  of  cobalt  the  molecular  weight  is  about  1,500.  Riekes  et  al. 
(1948),  from  emission  spectrograph ic  analysis,  have  shown  that 
there  are  six  groups  about  the  cobalt  atom.  Other  constituents 
ot  the  molecule  include  glutamic  acid,  and  three  atoms  of  phos¬ 
phorus.  Holliday  and  Petrow  (1949)  have  obtained  evidence  which 
suggests  that  vitamin  B12  may  be  regarded  as  a  5  :  6-dimethyl- 
benziminazole  derivative,  and  Ellis  et  al.  (1949)  suggest  that 
vitamin  B12  also  contains  2-aminopropanol. 

The  role  of  cobalt  in  erythropoiesis  is  difficult  to  evaluate  (see 
review  by  Cartwright,  1947).  In  cattle  and  sheep  a  deficiency  of 
cobalt  in  the  diet  may  produce  a  normocytic  hypochromic  anaemia, 
and  in  a  number  of  other  animal  species  addition  of  small  amounts 
of  cobalt  to  the  diet  produces  a  true  polycythaemia  with  hyper¬ 
plasia  of  the  bone  marrow,  which  may  be  counteracted  bv 
administration  of  whole  liver  or  liver  extract.  Large  amounts  of 
cobalt  depress  erythropoiesis.  It  is  not  known  what  is  the  require¬ 
ment  for  cobalt  in  man  (the  diet  contains  about  100  fig.  of  cobalt 
daily)  and  this  metal  has  not  been  found  effective  in  the  treatment 
of  anaemia.  Riekes  et  al.  (1948)  found  that  the  cobaltous  ion 
in  relatively  high  concentrations  had  no  effect  on  the  growth  of 
Lactobacillus  lactis  Dorner,  and  West  and  Reisner  (1949)  found  that 
150  fig.  of  cobaltous  chloride  daily  w'as  ineffective  in  a  patient  with 
pernicious  anaemia.  Robinson  et  al.  (1949)  observed  a  small 
increase  in  erythropoiesis  after  administration  ot  cobalt  to  patients 
with  anaemia  due  to  chronic  sepsis  or  neoplasms,  but  they  obtained 
no  response  in  patients  with  pernicious  anaemia,  e\  en  when 
cobaltous  chloride  was  previously  incubated  with  normal  gastric 
juice.  The  significance  of  the  presence  ot  cobalt  in  vitamin  B12 
remains  to  be  assessed. 

Production  of  Vitamin  B12  by  Streptomyces  Griseus 

Riekes  et  al.  (1948)  have  recorded  the  most  interesting  finding 
that  Streptomyces  griseus ,  the  organism  which  produces  strepto¬ 
mycin,  also  produces  vitamin  B12,  which  chemical,  physical  and 
biological  tests  showed  to  be  identical  with  the  vitamin  Bia 
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isolated  from  liver  concentrates;  its  clinical  effectiveness  in 
pernicious  anaemia  lias  also  been  established  (Erf  and  Wime  , 
1949  ;  Dunlop  and  Wilson,  1949).  It  is  thus  possible  that  m  the 
future,  treatment  of  patients  with  pernicious  anaemia  will  employ 
anti-anaemic  substance  from  this  source  instead  of  liver,  and  that 
the  activity  of  the  material  will  be  biologically  standardized  by  its 
influence  on  the  growth  of  Lactobacillus  lactis  Dorner.  It  would 
certainly  be  most  satisfactory  to  find  some  alternative  and  more 
regular  source  of  anti-anaemic  principle  than  liver,  but  much  work 
obviously  remains  to  be  done,  not  only  in  the  commercial  produc¬ 
tion  of  the  substance  by  Streptomyces  griseus,  but  also  in  the 
correlation  of  the  growth-promoting  influence  of  vitamin  B12  in 
Lactobacillus  lactis  Dorner  with  the  clinical  response  in  pernicious 
anaemia.  It  should,  however,  be  mentioned  that  Cuthbertson  and 
Smith  (1949)  have  shown  that  three  other  microbiologically  active 
substances  (besides  vitamin  B12)  can  be  isolated  from  liver  extracts 
by  partition  chromatography  on  paper,  so  the  final  identification 
of  the  anti-pernicious  anaemia  factor  by  the  microbiological 
method  is  not  yet  certain.  Moreover,  there  is  considerable  varia¬ 
tion  in  the  L.  lactis  Dorner  activity  among  different  brands,  and 
even  among  different  batches  of  the  same  brand,  of  liver  extracts 
(Shaw,  1949).  The  presumptive  vitamin  B12  content  of  “high 
potency”  liver  extracts  is  of  the  order  of  10  /xg./ml.  Clinical  res¬ 
ponses  to  extracts  containing  less  than  10  /xg./ml.  of  vitamin  B12 
were  much  less  satisfactory  than  to  extracts  containing  more  than 
10  /xg./ml.  (Cuthbertson  et  al.,  1949).  One  thing  is  quite  clear,  at 
present  it  would  be  quite  impractical  to  prepare  vitamin  B12  from 
liver  for  therapeutic  use,  since  four  tons  of  liver  yield  only  1  G. 
of  the  vitamin. 


Biological  Actions  of  Vitamin  B12 

Some  preliminary  reports  have  shown  that  vitamin  B12  stimu¬ 
lates  growth  in  young  animals,  e.g.  rats  and  pigs  (Emerson  et  al., 
1949  ;  Hogan  and  Anderson,  1949).  It  also  acts  like  liver  extract 
to  antagonize  the  thyrotoxicosis  which  occurs  in  chicks  when  they 
are  fed  with  iodinated  casein  (Nichol  et  al.,  1949). 

Action  of  Vitamin  B12  in  Pernicious  Anaemia 

I  hematological  Response.  So  far  there  have  been  a  number  of 
what  must  be  regarded  as  preliminary  reports  on  the  actions  of 
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vitamin  B12  in  pernicious  anaemia  (see  review  by  Reisner,  1949). 
It  will  clearly  take  some  time  yet  to  make  a  final  assessment  of  its 
long  term  effectiveness,  but  there  is  no  doubt  whatever  of  its 
capacity  to  induce  a  characteristic  clinical  and  haematological  re¬ 
mission  in  this  disease.  The  original  report  by  West  (1948)  has 
been  followed  by  numerous  demonstrations  of  the  efficacy  of  crys¬ 
talline  vitamin  B12  in  pernicious  anaemia  (e.g.  Hall  and  Campbell, 


Fig.  35 

Action  of  Vitamin  B12  in  a  Patient  with  Pernicious  Anaemia. 

(After  Spies  ct  al.,  1949.) 

1948;  Ungley,  1948  and  1949;  Berk  et  al.  1948;  Spies  ct  al, 
1949;  West  and  Reisner,  1949;  Mettier  et  al,  1949;  Jones  et 
al.,  1949).  The  early  responses  to  administration  of  vitamin  B12  aic 
identical  with  those  which  follow  liver  therapy.  Within  a  few 
days  the  patient  feels  stronger,  becomes  mentally  more  alert,  his 
appetite  returns  and  a  gain  in  weight  soon  results  ;  the  signs  an 
symptoms  of  glossitis  arc  alleviated  within  4-5  days.  The  lueina- 
tological  response  is  very  striking;  Hall  and  Campbell  (1948) 
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record  that  after  injection  of  25  fig.  of  vitamin  B12  the  megalo¬ 
blastic  bone  marrow  picture  was  changed  to  a  normoblastic  one 
within  48  hours,  and  indeed  in  one  patient  there  was  a  significant 
alteration  of  the  marrow  count  within  nine  hours  of  injection  o 
1  u.t  of  vitamin  B12.  Reticulocytosis,  in  patients  with  initial  red 
cell  counts  below  two  million  per  c.mm.,  may  reach  as  high  as  40 
per  cent  within  4-7  days  of  injection,  and  subsequent  increases  in 
haemoglobin  concentration  and  red  cell  count  are  similar  to  those 
which  follow  liver  therapy. 

The  effects  of  vitamin  B12  on  neurological  complications  are  ol 
great  importance  (remembering  the  early  high  promise  of  folic 
acid),  and  it  may  already  be  said  that  vitamin  B12  has  beneficial 
effects  on  peripheral  neuritis  and  on  subacute  combined  degenera¬ 
tion  of  the  cord  associated  with  pernicious  anaemia.  Spies  et  al. 
(1949)  have  reported  that  in  one  patient,  whose  symptoms  from 
combined  degeneration  were  steadily  progressing  during  folic 
acid  administration,  injection  of  vitamin  B12  produced  dramatic 
subjective  and  objective  improvement  within  four  days. 
Other  reports  (e.g.  Hall  and  Campbell,  1948  ;  Berk  et  al., 
1948;  Mettier  et  al,  1949;  Ungley,  1949)  support  the  view 
that  vitamin  B12  acts  like  liver  extract  on  these  neurological 
complications,  but  it  is  clearly  too  early  yet  to  assess  the  final 


results. 

Berk  et  al.  (1948)  found  that  in  a  patient  who  showed  allergic 
hypersensitivity  to  pork  and  beef  liver  extracts,  there  was  no 
reaction  to  injections  of  vitamin  B12.  This  is  obviously  a  matter 
of  practical  importance. 


Vitamin  B12  and  Extrinsic  Factor  (Castle) 

Berk,  Castle  et  al.  (1948)  have  shown  that  the  haunopoietic 
activity  of  orally  administered  vitamin  B12  in  pernicious  anaemia 
is  enhanced  by  simultaneous  administration  of  normal  gastric 
juice,  but  that  such  activity  is  still  below  that  of  injected  vitamin 
B12.  They  suggest  that  the  extrinsic  factor  in  food  (e.g.  beef 
muscle,  milk  and  eggs)  may  be  identical  with  or  closely  related 
chemically  to  the  anti-pernicious  anaemia  principle  of  liver,  which 
in  turn  is  presumed  to  be  identical  with  vitamin  B12.  Berk  et  al. 
have  further  stated  that,  “It  is  therefore  possible  that  the  function 
of  the  intrinsic  factor  of  normal  human  gastric  juice  is  to  facilitate 
the  absorption  by  the  intestine  of  vitamin  B12  or  of  chemically 
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related  compounds  in  the  food,  rather  than  to  react  with  the 
extrinsic  factor  as  hitherto  assumed.” 

It  has  been  shown  by  Bethell  et  al.  (1948)  that  the  daily  output 
of  vitamin  B12  in  the  feces  of  patients  with  untreated  pernicious 
anaemia  is  much  greater  than  that  necessary  to  produce  remission 
when  given  by  injection,  and  they  suggest  that  this  disease  may  be 
due  to  defective  absorption  of  vitamin  B12,  whether  derived  from 
the  diet  or  from  intestinal  bacterial  synthesis. 


Folic  Acid  and  Vitamin  B12 

Bethell  et  al.  (1948)  reported  that  the  folic  acid  antagonist, 
aminopterin,  inhibited  the  response  to  injected  vitamin  B12  in  a 
patient  with  pernicious  anaemia.  It  has  since  been  shown  by  Meyer 
et  al.  (1949)  that  other  folic  acid  antagonists,  pteroyl  aspartic  acid 
(An-Fol-R)  and  methyl  pteroic  acid  (Met.  Fol-B)  prevented  the 
responses  of  patients  with  pernicious  anaemia  to  injections  of  liver 
extract  or  of  vitamin  B12.  These  findings  naturally  raise  the 
question  of  synergistic  actions  between  folic  acid  and  vitamin  Bl2, 
but  it  is  too  early  yet  to  discuss  the  possible  mechanisms  involved. 

Actions  of  Vitamin  Bl2  in  Other  Anaemias.  Patel  (1948)  and 
Spies  et  al.  (1949)  have  reported  good  responses  to  the  administra¬ 
tion  of  vitamin  B12  in  tropical  macrocytic  anaemia ,  nutritional 
macrocytic  anaemia  and  in  sprue.  Spies  et  al.  (1949)  found  that 
vitamin  B12  was  ineffective  in  secondary  anaemia,  aplastic  anaemia, 
leukopaenia  following  infections  or  due  to  drugs,  and  in  leukaemia. 


Dosage  and  Administration  .  I 

So  far  it  has  been  found  necessary  to  give  vitamin  B12  by 
intramuscular  injection;  Hall  and  Campbell  (1948)  found  oral 
administration  to  be  ineffective,  though  Spies  et  al.  (1949)  did 
observe  slow  responses  when  vitamin  B12  was  given  by  mouth  in 
doses  80-00  times  greater  than  those  required  by  injection .The 
dosage  used  has  varied  greatly.  Hall  and  Campbell  (1948) 
obtained  responses  in  two  patients  with  pernicious  ansem.a  with 
1  ,«  daily,  but  some  cases  may  not  respond  to  an  injetti 
<>  pg.  and  Spies  et  al.  suggest  that  the  average  patient  respo  Is 
maximally  to  100  pg.  Erf  and  Winter  (1949  no  ed 'thatin  pre¬ 
viously  untreated  patients  50-100  pg.  of  vitamin  B12  produce0 
remissions  lasting  50-100  days,  and  that  in  Paints  alrea  > 
mission,  50  pg.  maintained  an  effect  for  ,0-1.0  days. 


*297 


DOSAGE  OF  VITAMIN  B12 

In  his  extensive,  well  controlled  studies  on  53  patients  with 
pernicious  aiuemia,  Ungley  (1949)  has  recorded  the  responses  to 
initial  doses  of  vitamin  B12  ranging  from  1.25  to  100  pg.  He  foun 
that,  as  judged  from  the  reticulocyte  response  or  by  the  rise  in  the 
total  red  cell  count  during  15  days,  a  single  dose  of  10  pg.  of 
vitamin  B10  was  as  effective  as  the  usual  liver  extracts,  and  that 
in  most  patients  an  injection  of  10  pg.  every  two  weeks  was  a 
satisfactory  maintenance  dose.  Ungley  suggests  that,  to  take 
account  of  individual  variations  in  response,  uncomplicated  cases 
should  be  given  40-80  pg.  weekly  for  the  first  three  months  and 
30  pg.  every  three  weeks  thereafter.  Patients  with  subacute 
combined  degeneration  should  receive  larger  and  more  frequent 
doses. 
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CHAPTER  u 

ANTICOAGULANT  DRUGS 


In  recent  years  there  has  been  increasing  recognition  of  the  value 
ot  anticoagulants  in  the  therapeutic  control  of  thrombophlebitis 
and  related  conditions.  Two  substances,  Heparin  and  Dicoumarol, 
have  been  used  for  this  purpose. 

Heparin 

A  full  discussion  of  the  chemistry,  physiology  and  medical 
applications  of  heparin  has  been  presented  by  Jorpes  of  Stockholm 
in  his  book  “Heparin  in  the  treatment  of  thrombosis”  (1946),  and 
a  general  account  of  “Anticoagulants  effective  in  vivo ”  (including 
heparin)  has  been  given  by  Quick  (1944). 

Heparin  was  discovered  by  Howell  and  his  collaborators  in 
1916,  and  it  was  so  named  because  of  its  predominant  localization 
in  the  liver.  Howell  discovered  methods  for  its  preparation  and 
suggested  that  it  was  a  physiological  anticoagulant,  responsible 
for  the  fluidity  of  the  circulating  blood.  Subsequent  work  by 
Best,  Charles  and  Scott  in  Toronto  with  improved  extraction 
methods  showed  that  heparin  was  present  in  tissues  throughout 
the  body,  especially  the  lungs,  thus  emphasizing  its  possible 
physiological  significance.  In  1935-36  Jorpes  found  that  heparin 
was  chemically  a  polysulplmric  ester  of  mucoitin. 

Chemical  Composition  of  Heparin 

The  chemical  formula  of  heparin  is  not  exactly  known  but  it  is 
a  large  polysaccharide  molecule  (M.W.  about  700  or  some  multiple 
of  700)  built  up  of  disaccharide  units  which  are  the  same  as  those 
found  in  mucoitin  sulphuric  acid.  Each  disaccharide  unit  consists 
of  N-acetylated  glucosamine  linked  with  glucuronic  acid  in  such  a 
way  that  each  unit  probably  has  4  OH  groups  available  for 
combination  with  sulphate  groups.  Maximum  anticoagulant 
activity  occurs  with  the  trisulphuric  acid  compound.  Heparin 
preparations  arc  not  homogeneous  even  in  the  case  of  what  has 
been  called  “crystalline  heparin.”  Depolymerization  and  deacetyl¬ 
ation  completely  abolish  biological  activity. 
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Source  and  Preparation  of  Heparin  for  Therapeutic  Use 

Heparin  is  a  greyish  brown  powder.  It  is  preparer  rom  ox 
lung,  and  is  made  up  in  aqueous  solution  as  the  sodium  sal  . 
The  B.P.  Injection  of  heparin  is  a  solution  of  heparin  in  p  i>. 
logical  saline,  containing  not  less  than  90  per  cent,  and  not  more 
than  110  per  cent  of  the  number  of  units  of  heparin  per  ml.  stated 
on  the  label.  The  pH  of  this  solution  is  7.0  to  8.5.  The  solution 
is  sterilized  by  filtration,  and  when  kept  at  a  temperature  not  above 
20°C.  it  shows  no  significant  reduction  in  potency  during  two  years. 
Heparin  is  expensive  to  produce  for  therapeutic  use. 


International  Standard  and  Unit  of  Heparin 

The  Standard  Preparation  is  a  quantity  of  the  dried  sodium 
salt  of  heparin.  The  Unit  is  the  specific  activity  contained  in 
0.0077  mg.  of  the  Standard  Preparation  in  use  in  1947  (British 
Pharmacopoeia,  1948,  p.  807).  1  mg.  of  the  Standard  Preparation 
thus  contains  130  units  of  activity.  II  the  activity  is  expressed  in 
terms  of  the  barium  salt  1  mg.  contains  100  units,  which  is  the 
figure  given  for  commercial  preparations  of  heparin.  Ihese  latter 
contain  10  mg.  (1,000  U)  or  50  mg.  (5.000  U)  per  ml.  of  solution. 
Jorpes  suggests  that  the  dosage  should  always  be  expressed  in  mg. 

The  British  Pharmacopoeia  (1948)  recommends  the  following 
blood  or  plasma  preparations  for  heparin  assay  : — 


(a)  the  freshly  shed  blood  of  the  cat  or  other  suitable  animal, 

( b )  fowl  plasma  to  which  a  tissue  extract  has  been  added  to 
promote  clotting,  or 

(c)  the  decalcified  blood  or  plasma  of  various  mammalian 
species  used  in  conjunction  with  a  solution  of  calcium  salt 
alone,  or  combined  with  a  tissue  extract,  or  a  solution  of 
thrombin. 


Mode  of  Action  of  Heparin 

Heparin  inhibits  blood  coagulation  both  in  vitro  and  in  vivo. 
It  appears  to  act  partly  by  preventing  the  conversion  of  pro¬ 
thrombin  to  thrombin,  and  partly  by  antagonizing  the  action  of 
thrombin  itself ;  in  both  these  actions  co-factors,  present  in  the 
plasma,  are  necessary  (Quick,  1944).  Like  all  anticoagulants, 
heparin  inhibits  the  clumping  of  blood  platelets,  an  action 
which  contributes  to  its  capacity  to  prevent  thrombosis  in  vivo 
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(\\  light,  1945).  Heparin  lias  no  chemically  reactive  groups  in  its 
molecule  and  its  anti-coagulant  actions  are  attributed  to  its 
physico-chemical  properties,  particularly  to  its  exceptionally 
strong  electronegative  charge,  due  to  the  sulphuric  acid 
groups.  Other  polysaccharide  polysulphuric  acid  esters,  both 
natural  and  synthetic,  have  marked  anticoagulant  properties 
lor  probably  the  same  reason.  Basic  substances,  such  as 
toluidine  blue  and  protamine,  neutralize  the  negative  electric 
charge  ot  heparin  and  completely  antagonize  its  anticoagulant 
action. 

Administration  and  Duration  of  Action  of  Heparin 

Heparin  is  usually  administered  intravenously ,  either  con¬ 
tinuously  in  a  saline  drip  or,  more  frequently,  by  repeated 
injections.  The  duration  of  action  after  a  single  injection  is  brief, 
e.g.  after  100  mg.  (10,000  units)  the  coagulation  time  is  increased 
for  a  period  of  about  three  hours  (Fig.  36),  the  maximum  effect 
occurring  5-10  minutes  after  injection  (Takats,  1943).  If  the 
intravenous  route  is  used,  injections  must  be  given  at  intervals  of 
4-6  hours  to  maintain  a  coagulation  time  exceeding  15  minutes 
(normal  4-7  minutes). 

Attempts  have  been  made  to  prolong  the  effects  of  heparin  by 
using  other  routes  of  administration.  Walker  (1945)  has  tried 
intramuscular  injections  ;  subcutaneous  injection  was  too  painful 
and  produced  local  reactions.  A  long-acting  preparation  for 
subcutaneous  injection,  was  introduced  by  Loewe  and  Rosenblatt 
(1944),  who  incorporated  heparin  (100  mg. /ml.)  in  Pitkin  s 
Menstrum  (18  per  cent  gelatin,  8  per  cent  glucose,  1  per  cent 
acetic  acid  and  distilled  water).  With  this  mixture,  which  lias  been 
used  to  prolong  the  action  of  other  water  soluble  drugs,  the  onset 
of  heparin  action  occurred  at  two  hours  and  the  maximum  effect 
at  16  hours  after  injection,  the  total  duration  being  some  40  hours 
(Evans  and  Boiler,  1946).  Another  mixture  used  to  prolong 
heparin  action  has  been  described  by  A  orzimer  et  al.  (1948)  who 
made  an  emulsion  of  an  aqueous  solution  of  heparin  (200-300 
mg./ml.)  in  a  menstruum  consisting  of :  cholesterol  derivatives 
33  per  cent,  peanut  oil  65  per  cent  and  beeswax  2  per  cent.  A 
single  intramuscular  injection  prolonged  the  clotting  time  ade¬ 
quately  for  up  to  24  hours.  The  dosage  of  heparin  will  be  discussec 

later. 
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Distribution  and  Fate  of  Heparin  .  , 

D  Heparin  is  a  relatively  large  molecule  which  becomes  attached 
to  plasma  proteins  ;  it  therefore  remains  in  the  blood  stream  and 
does  not  diffuse  through  natural  or  artificial  membranes  ( 
the  cellophane  of  the  artificial  kidney). 

EFFECT  OF  INTRAVENOUS  HEPARIN  ON 
CLOTTING  TIME  IN  A  NORMAL  SUBJECT 


time  in  hours 
Fig.  30 

Heparin  and  Clotting  Time 


Effects  of  different  doses  of  heparin  given  intravenously.  Note  the  brief 

duration  of  action. 

Ordinate.  Clotting  time  in  minutes.  Abscissa.  Time  in  hours. 

The  clotting  time  was  determined  by  a  new  capillary  tube  method 
devised  by  l)r.  J.  W.  Stewart  of'  the  Bland-Sutton  Institute  of 
Pathology,  Middlesex  Hospital.  *  The  normal  clotting  time  by  this 
method  is  4  8  minutes.  These  records  were  obtained  by  Mr.  L.  P. 
LeQuesne  of  the  Surgical  Unit,  Middlesex  Hospital. 

PHARMACOLOGY  on 
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The  fate  ot  injected  heparin  and  the  reasons  for  its  brief  duration 
of  action  are  unknown.  It  was  formerly  stated  that  heparin  was 
partly  excreted  in  the  urine,  but  Jaques  and  Ricker  (1948)  could 
find  no  evidence  of  this,  and  showed  that  nephrectomy  in  dogs 
did  not  alter  the  duration  of  action  of  heparin.  There  is  no 
evidence  that  the  liver  is  concerned  with  the  disappearance  of 
heparin,  and  none  appears  in  the  faeces. 

Variations  in  Sensitivity  to  Heparin.  Some  difficulty  in  the  use 
of  heparin  arises  from  individual  variations  in  response.  Takats 
(1943)  devised  a  “heparin  tolerance  test”  in  which  10  mg.  of 
heparin  was  injected  intravenously  and  the  effect  on  coagulation 
time  was  recorded  before  and  10,  20,  30  and  40  minutes  after 
injection.  He  classified  subjects  as  normal,  hypo-  and  hvper- 
reactors  according  to  the  maximum  recorded  prolongation  of 
clotting  time. 


Dicoumarol 

Dicoumarol  was  discovered  in  a  most  interesting  way.  Schofield 
(1922)  described  a  haemorrhagic  disease  in  cattle  which  was 
thought  to  be  due  to  the  eating  of  spoiled  hay  from  sweet  clover, 
and  subsequently  Roderick  (1931)  found  that  in  this  disease  the 
plasma  prothrombin  level  was  reduced  in  parallel  with  a  prolonga¬ 
tion  of  coagulation  time.  Quick  (1937)  produced  “sweet  clover 
disease”  experimentally  in  rabbits  and  showed  that  the  lowered 
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Dicoumarol 


prothrombin  level  could  be  restored  to  normal,  and  the  h senior 
rhagic  tendency  counteracted,  by  administration  of  alfalfa 
(containing  vitamin  K)  in  the  diet.  The  active  toxic  factor  in 
spoiled  sweet  clover  was  obtained  in  crystalline  form  by  Campbell 
and  Link  (1941)  and  it  was  chemically  identified  by  Stahmann 
et  al.  (1941)  as  3  :  3'-methylene-fcw-4-hydroxy-coumarin  (Di¬ 
coumarol).  .  .  , 

Dicoumarol  is  a  white  microcrystalline  powder,  which  is  on  } 
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ACTION  OF  DICOUMAROL 
slightly  soluble  in  water.  It  is  prepared  synthetically  and  is  cheap 
to  produce. 

Mode  of  Action  of  Dicoumarol 

(1)  Dicoumarol  selectively  depresses  the  formation  ot  pro¬ 
thrombin  by  the  liver,  other  functions  of  the  liver  remaining 
unaffected.  This  effect  is  entirely  similar  to  that  produced  by 
vitamin  K  deficiency,  and  it  may  well  be  that  dicoumarol  is  a 
competitive  inhibitor  of  vitamin  K  whose  formula  may  be  seen 
to  resemble  that  of  half  the  dicoumarol  molecule  (see  p.  335).  The 
consequent  reduction  in  plasma  prothrombin  level  prolongs  the 
prothrombin  clotting  time,  and  when  this  is  sufficiently  increased 
the  ordinary  clotting  time  of  blood  is  also  prolonged  (Quick,  1944). 

Moloney  et  al.  (1948)  have  studied  the  clotting  time  of  blood 
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Vitamin  K 

(2-methyl-3-phytyl-l  :  4  naphthaquinone) 

collected  in  silicone  coated  (“drifilmed”)  tubes  and  have  found 
that  in  patients  who  have  received  dicoumarol  the  clotting  time 
might  be  greatly  prolonged  (e.g.  from  the  normal  time  of  30-60 
minutes  to  24-72  hours),  even  though  the  clotting  time,  as 
measured  in.  ordinary  glass  tubes,  showed  no  significant  change. 
1  hey  suggest  that  the  silicone  tube  method  gives  much  more 
valuable  information  about  the  prevention  of  intravascular 
clotting  than  the  ordinary  method,  and  the  former  may  indeed 
be  more  accurate  than  the  estimation  of  plasma  prothrombin 
levels  in  the  control  of  dicoumarol  dosage.  Unfortunately,  the 

silicone  tube  technique  is  at  present  too  complicated  for  routine 
use. 

(2)  Dicoumarol  reduces  the  adhesiveness  of  platelets  and  so 
helps  to  prevent  thrombus  formation. 
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(3)  It  prolongs  clot-retraction  time. 

(4)  Dicoumarol  has  no  other  pharmacological  actions  and  death 
from  toxic  doses  is  due  to  haemorrhage. 

It  has  been  suggested  by  Link  et  al.  (1943)  that  dicoumarol 
might  be  converted  to  salicylic  acid  in  the  body.  They  showed 
that  sodium  salicylate  reduced  the  plasma  prothrombin  level  in 
rats,  but  that  in  this  respect  it  was  much  weaker  than  dicoumarol. 
Other  workers  have  confirmed  these  results  in  man  and  suggest 
that  the  bleeding  which  may  occasionally  follow  massive  thera¬ 
peutic  dosage  with  salicylates,  is  due  to  hypoprothrombinaemia. 
However,  although  the  chemical  structure  of  dicoumarol  suggests 
that  it  might  be  broken  down  to  salicylic  acid,  there  is  no  evidence 
that  this  explains  its  mode  of  action. 


Factors  Which  Influence  Dicoumarol  Action 

(1)  Fever.  Richards  (1943)  noted  considerable  enhancement 
of  the  action  of  dicoumarol  on  prothrombin  time  in  rats  in  which 
fever  had  been  artificially  induced.  This  factor  should  be  re¬ 
membered  in  the  therapeutic  use  of  the  drug. 

(2)  Liver  and  Kidney  Damage.  Richards  and  Steggerda  (1943) 
found  that  carbon  tetrachloride,  in  doses  which  had  no  significant 
effect  on  prothrombin  levels,  greatly  sensitized  rats  to  the  action 
of  dicoumarol,  presumably  by  production  ol  slight  liver  damage. 
They  also  showed  that  bilateral  nephrectomy  prolonged  and 
increased  the  prothrombin  lowering  action  of  dicoumarol.  and 
suggested  that  dicoumarol  itself,  or  active  breakdown  products, 
might  be  excreted  via  the  kidney.  Thus  it  is  clear  that  sexeic 
hepatic  or  renal  disease  might  greatly  enhance  the  toxicity  of 
dicoumarol.  For  example,  Reisner  et  al.  (1949)  found  that  in 
patients  with  liver  disease  or  congestive  heart  failure,  dicoumarol 
produced  a  greater  fall  in  plasma  prothrombin  level  than  in  normal 

persons. 


Administration  and  Duration  of  Action  of  Dicoumarol 

Dicoumarol  is  now  always  given  by  mouth,  though  Bingham  et 
al.  (1943)  originally  showed  that  the  disodium  salt  was  ef  cc  »' 
intravenously.  Bv  either  route  the  onset  of  action  is  delayed  lor 
12-72  hours  and  persists  for  a  further  72  hours  or  more,  Fig. 
shows  the  duration  of  action  of  different  single  doses  of  dicoumaro 

(Lehmann,  1942). 


dicoumarol  and  prothrombin 
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Estimation  of  Prothrombin  in  Dicoumarol  The  P> 

The  response  to  dicoumarol  is  very  variable  and  it  necessMy 
to  control  its  dosage  by  daily  determinations  of  he  plasma 
prothrombin  level.  The  one-stage  technique  described  by  Q 
(1942)  has  been  extensively  used  lor  this  purpose.  Brie  „ , 
method  consists  of  adding  optimal  amounts  of  brain  hrombo- 
plastin  and  calcium  to  undiluted  or  12.5  per  cent  oxalated  plasma 
SO  that,  in  the  presence  of  the  usual  amounts  of  fibrinogen,  the 


Fig.  37 

IIypoprothrombin/emia  after  Dicoumarol 

Effects  of  different  doses.  Note  t lie  prolonged  duration 
of  action.  Ordinate  =  Prothrombin  Index  (as  percentage 
of  normal=10()  per  cent).  Abscissa=time  in  days. 

(After  Lehmann,  1942.') 

rate  of  clotting  of  the  mixture  is  proportional  to  the  concentration 
of  prothrombin.  The  clotting  time,  measured  in  seconds,  is  trans¬ 
lated  into  prothrombin  concentration,  expressed  as  a  percentage 
of  the  normal,  by  reference  to  calibration  curves  derived  from  tests 
on  samples  of  normal  plasma  in  which  the  prothrombin  concentra¬ 
tion  has  been  reduced  by  dilution.  Unfortunately  different  samples 
of  brain  thromboplastin  give  different  results,  so  it  is  difficult  to 
compare  one  worker’s  results  with  another’s.  The  aim  with 
dicoumarol  therapy  is  to  reduce  the  prothrombin  level  to  between 
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10  and  30  per  cent  of  the  normal.  Below  10  per  cent,  bleeding  is 
very  liable  to  occur. 

Biggs  and  Macfarlane  (1949)  have  reviewed  and  studied  the 
various  1  actors  which  influence  Quick's  one-stage  method  of 
estimating  prothrombin  concentration.  Though  the  method  is 
theoretically  inferior  to  the  two-stage  method,  they  regard  it  as 
of  proved  clinical  value.  Biggs  and  Macfarlane  (1949)  have 
compared  the  use  of  Russell  viper  venom lecithin  as  thrombo¬ 
plastin,  with  the  original  brain  thromboplastin  used  by  Quick. 
They  found  that  with  Russell  viper  venom  the  test  was  much  less 
sensitive,  and  in  many  instances  more  irregular,  than  with  brain 
thromboplastin.  Fig.  38  shows  that  in  one  patient,  when  Quick’s 
technique  showed  ,a  reduction  of  prothrombin  concentration  to 
5  per  cent  of  normal,  and  haematuria  had  occurred,  a  simul¬ 
taneously  performed  test  employing  Russell  viper  venom  + 
lecithin  as  thromboplastin,  gave  a  prothrombin  concentration  of 
35  per  cent  of  normal.  James  (1949)  has  recorded  similar 

findings. 

© 

The  Fate  of  Dicoumarol  in  Man.  Weiner  et  al.  (1949)  have 
studied  the  fate  of  dicoumarol  in  man.  The  rate  of  its  breakdown 
depended  on  its  level  in  the  plasma ;  at  high  plasma  levels  a 
smaller  proportion  was  destroyed  than  at  low  plasma  levels,  but 
there  were  large  individual  variations.  About  99  per  cent  of 
dicoumarol  in  the  plasma  was  bound  to  proteins.  Only  traces  of 
dicoumarol  were  found  in  the  urine. 

Actions  of  a  Dicoumarol  Derivative  (“Pelentan,” 
“Tromexan”) 


OH  OH 


This  compound  was  introdi 
and  its  use  has  more  recentl; 
(Reims  and  Kubik,  1948  ;  von 
Santa,  1949). 


This  compound  was  introduced  in  Czechoslovakia  in  194u, 
,d  its  use  has  more  recently  been  described  in  Switzerland 
anrl  TChbik.  1948:  von  Kaulla  and  Pulver,  1948;  Della 
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The  main  features  of  its  actions  appear  to  be  :  - 

(1)  It  has  about  1  the  potency  of  dicoumarol,  but  is  pro- 

portionately  less  toxic. 

(2)  Its  hypoprothrombinsemic  action  develops,  and  passes  oil, 
more  rapidly  than  that  of  dicoumarol.  Its  action  commences 


PROTHROMBIN 
CONCENTRATION  % 


Comparison  of  Thromboplastins  in  Prothrombin 

Estimation 

The  ordinate  shows  prothrombin  concentration  expressed 
as  a  percentage  of  normal.  It  can  be  seen  that  after 
dicoumarol  administration,  the  Quick  test,  using  brain 
as  the  source  of  thromboplastin,  shows  a  much  more 
marked  hypoprothrombimemia  than  when  Russell's 
viper  venom  and  lecithin  are  used  as  thromboplastin. 

(After  Biggs  and  MacFarlane,  1949.) 
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within  2-3  hours  of  oral  administration  and  reaches  its  peak  in 
12-24  hours  ;  after  establishment  of  its  full  action,  cessation  of 
administration  is  followed  by  a  40  per  cent  increase  in  prothrombin 
level  within  24  hours,  and  a  return  to  normal  levels  within  48 
hours. 

(3)  “Tromexan”  is  more  rapidly  metabolized  and  excreted  than 
dicoumarol. 

(4)  The  actions  of  “Tromexan’  are  enhanced  and  prolonged 
in  the  presence  of  liver  damage. 

(5)  The  daily  dosage  of  “Tromexan”  is  at  first  1,200  mg.  (best 
given  in  four  divided  doses)  ;  later  300-600  mg.  daily  maintains  the 
action  without  producing  cumulative  effects,  though  frequent 
measurements  of  prothrombin  concentration  are  still  necessary. 

(6)  Its  clinical  effectiveness  in  thrombotic  conditions  is  com¬ 
parable  to  that  of  dicoumarol. 

(7)  Ha-morrhagic  complications  have  followed  overdosage  with 
“Tromexan.” 

Hurt,  Wright  and  Ivubik  (1949)  have  recently  reported  on  the 
clinical  use  of  this  compound  in  126  patients  with  venous  throm¬ 
bosis,  pulmonary  emboli  and  arterial  thrombosis  or  emboli.  The 
drug  was  given  for  periods  ranging  from  5  days  to  10  months. 
In  over  80  per  cent  of  the  patients  who  received  adequate  dosage, 
the  prothrombin  level  was  reduced  to  less  than  50  per  cent  of 
normal  within  36  hours  of  administration  of  the  first  dose,  and 
after  withdrawal  of  the  drug  recovery  was  equally  rapid.  The 
toxic  effects  were  slight  nausea  and  vomiting  in  a  few  patients 
(perhaps  due  to  the  bitter  taste  ot  the  tablets),  and  transient 
bleeding  in  3  cases,  in  one  of  whom  an  over-dose  was  given  by 
mistake. 

It  certainly  looks  as  if  “Tromexan”  represents  a  distinct  advance 
on  dicoumarol,  though  its  administration  still  needs  to  be  con¬ 
trolled  by  frequent  plasma  prothrombin  estimations. 

General  Uses  of  Anticoagulants 

Heparin  has  been  used  for  a  variety  of  purposes.  It  is  frequently 
used  in  experimental  animal  work  when  avoidance  of  clotting  in 
arterial  and  venous  cannulse  is  particularly  important ;  it  has 
been  widely  used  to  prevent  blood  clotting  in  vitro  where  its  very 
low  osmotic  pressure  helps  to  avoid  shrinkage  of  erythrocytes. 
In  relation  to  blood  transfusion  it  has  been  used  both  in  vitro  an 
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in  vivo  to  prevent  clotting  of  the  donor’s  blood.  Wiener  and 
Wexler  (1946)  have  used  heparin  to  prevent  the  clotting  of  ml  ant  s 
blood  during  the  course  of  exchange  transfusions  lor  erythro¬ 
blastosis. 

Anticoagulants  in  the  Treatment  of  Thrombosis 

Intravascular  clotting,  usually  termed  thrombosis,  occurs  in 
many  circumstances  in  the  course  of  diseases  of  medical  and 
surgical  interest.  The  danger  to  life  from  pulmonary  embolism, 
and  the  chronic  ill-health  resulting  from  widespread  venous 
obstruction  in  the  lower  limbs,  illustrate  different  aspects  of  this 
important  problem.  The  prevention  or  limitation  of  such  throm¬ 
bosis  by  means  of  anticoagulants  has  been  much  studied  of  recent 
years  and  some  impressive  results  have  been  recorded. 

Prevention  of  Thrombosis  in  Animal  Experiments 

Experimental  animal  work  in  this  field  began  in  1932  in  the 
Department  of  Surgery  of  the  Toronto  General  Hospital  as  an 
extension  of  the  chemical  work  on  heparin  done  at  the  Connaught 
Laboratories  of  the  University  of  Toronto.  Murray  et  al.  (1936, 
1937)  showed  that  in  dogs  heparin  could  prevent  thrombosis 
which  otherwise  followed  mechanical  or  chemical  (sodium 
ricinoleate)  injury  to  veins.  Best  et  al.  (1937)  also  demonstrated 
that  heparin  could  prevent  agglutination  of  platelets  and  white 
thrombus  formation  in  a  collodion  or  cellophane  loop  connecting 
an  artery  to  a  vein.  Kolff  in  his  book  “The  Artificial  Kidney” 
(1946)  has  likewise  described  the  successful  use  of  heparin  to 
prevent  thrombus  formation  in  the  cellophane  tubing  used  in  his 
apparatus. 

Solandt  and  Best  (1938)  found  that  the  production  of  coronary 
thrombosis  in  dogs  by  intra-arterial  injection  of  sodium  ricinoleate, 
could  be  prevented  by  previous  administration  of  heparin  ; 
these  authors,  with  Solandt  et  al.  (1939),  also  showed  that  heparin 
could  prevent  the  development  ol  artificially  induced  cardiac 
mural  thrombi. 

Clinical  Use  of  Anticoagulants  in  Thrombosis 

Decubitus  Thrombosis.  The  commonest  type  of  thrombosis 
for  which  anticoagulants  have  been  used  is  "that  described  by 
Le  Quesne  (1948)  as  “ Decubitus  Thrombosis .”  This  term  describes 
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the  thrombosis  which  originates  in  the  legs  following  operations, 
after  childbirth,  or  in  the  course  of  certain  medical  diseases, 
particularly  in  old  people.  Thrombosis  in  this  state  occurs  first, 
largely  as  the  result  of  stagnation,  in  muscle  veins  in  the  lower  part 
of  the  leg,  and  subsequently  spreads  by  deposition  in  the  direction 
of  the  blood  stream  so  that  eventually  it  may  form  a  long  eel-like 
clot,  with  a  smooth  slippery  surface,  extending  up  to  the  femoral 
vein.  At  first  this  clot  is  anchored  only  at  its  lower  end,  it  is 
friable,  and  rupture  releases  a  portion  which  is  carried  away  by  the 
blood  stream  to  produce  pulmonary  embolism.  If  the  clot  does 
not  break  it  thickens  to  occupy  the  lumen  of  the  vein,  and  inflam¬ 
matory  processes  lead  to  its  organization,  with  subsequent 
development  of  the  well-known  signs  of  venous  obstruction 
(phlegmasia  alba  dolens)  (Bauer,  1946). 

Wright  (1948)  has  studied  the  blood  and  circulatory  changes 
which  follow  operations.  She  observed  an  increase  in  the  number 
of  platelets  and  an  increase  in  their  stickiness,  an  increase  in  plasma 
prothrombin  concentration  and  a  prolongation  of  the  leg-carotid 
circulation  time.  These  changes  first  became  evident  about  3  or  4 


days  after  operation  and  reached  their  peak  alter  10-12  days, 
which  is  also  the  time  when  venous  thrombosis  (and  pulmonary 
embolism)  is  most  likely  to  occur.  All  these  abnormalities  may  be 

corrected  by  anticoagulant  therapy. 

In  theory,  it  would  of  course  be  desirable,  and  some  have  tried 
in  practice,  to  use  anticoagulants  prophylactically  to  prevent  the 
development  of  the  initial  clot,  but  there  are  some  objections  to 
such  a  course,  and  it  has  been  found  more  feasible  to  administer 
these  substances  as  early  as  possible  after  diagnosis  of  the  original 
thrombosis.  Anticoagulants,  by  preventing  the  extension  of  the 
clot,  decrease  the  likelihood  of  embolism  and  restrict  the  conse¬ 
quences  of  venous  obstruction.  For  example  Bauer  (1946)  has 
compared  the  results  at  the  Mariestad  Hospital,  Sweden,  in  a 
large  series  of  cases  after  the  introduction  of  heparin,  with  those 
of  a  large  series  previously  studied.  He  records  the  following 

figures,  which  are  presented  in  Table  12. 

Zilliacus  (1946)  has  reviewed  the  effects  of  anticoagulant  therapy 
(mainly  heparin)  on  the  course  of  thrombosis  and  pulmonary 
embolism  in  a  series  of  Swedish  hospitals  during  the  years  1940- 
45  ;  Ins  work  supports  and  supplements  the  results  recorded  by 

Bauer. 
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Table  12 


No  Heparin 

Heparin  treated 

Mortality  rate  in  cases  with 
thrombosis 

18% 

1.4% 

Average  duration  ol  stay 
in  bed  . 

40  days 

4.7  days 

Serious  after  effects,  e.g. 

± 

ulceration  of  legs 

+  + 

Post-operative  Thrombosis.  Barker  et  al.  (1947)  have  described 
the  results  of  combined  heparin-dicoumarol  administration  in 
patients  with  post-operative  and  other  types  of  thrombosis. 
Among  patients  with  signs  of  pulmonary  embolism  or  infarction 
the  frequency  of  fatal  embolism  was  reduced  from  1 8  per  cent  to 
0.3  per  cent,  and  in  patients  with  signs  of  thrombophlebitis  the 
frequency  of  fatal  pulmonary  embolism  was  reduced  from  5.7 
per  cent  to  zero. 

Ball  and  Hughes  (1949)  have  recorded  the  effects  of  heparin 
and  dieoumarol  in  100  patients  with  thrombosis  and/or  embolism. 
Fig.  39  illustrates  the  prothrombin  response  during  anticoagulant 
therapy  after  a  cardiac  infarction  in  a  patient  with  deep  calf 
thrombosis. 

Coronary  Thrombosis.  Anticoagulants  have  recently  been  used 
in  the  treatment  of  coronary  thrombosis  with  myocardial  infarction. 
They  may  help  in  four  ways  : — 

(1)  By  preventing  the  spread  of  thrombosis  in  the  coronary 
arteries. 

(2)  By  preventing  the  development  of  mural  thrombosis  at 
the  site  of  infarction. 

(3)  By  preventing  the  development  of  decubitus  thrombosis  in 
the  legs. 

(4)  By  increasing  blood  flow  through  the  coronary  arteries 
(Gilbert  and  Nalefski,  1949). 

The  effects  of  dieoumarol  in  432  cases  were  compared  with  368 
control  cases  by  AV  right  et  al.  (1948)  who  recorded  a  statistically 
significant  reduction  of  mortality  rate  from  24  per  cent  to  15  per 

cent  during  the  period  of  anticoagulant  therapy  (see  also 
Chap.  17). 
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Administration  and  Dosage 

lleparin.  When  heparin  is  given  alone  in  post-operative  throm¬ 
bosis,  Bauer  (1946)  recommends  a  dose  of  150  mg.  intravenously 
4  hourly  for  2  or  3  doses,  then  150  mg.  morning  and  night-}- 100  mg. 
once  or  twice  during  the  day,  and  later  when  the  symptoms  have 
subsided  100  mg.  twice  a  day.  Others  have  suggested  that  the 
dosage  of  heparin  be  related  to  the  coagulation  time,  which  should 
be  prolonged  to  about  three  times  normal  (Reich  and  Eisenmenger, 
1948).  This  is  usually  attained  with  50-100  mg.  every  4-6  hours. 

Heparin  in  Pitkin’s  menstruum  should  be  injected  subcutaneous¬ 
ly  in  doses  of  200-400  mg.  every  48  hours. 

When  heparin  is  combined  with  dicoumarol  it  (i.e.  the  heparin) 
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Fig.  39 


This  chart  shows  the  effects  of  combined  Heparin-Dicoumarol 
therapy  in  a  patient  with  deep  calf  thrombosis  following 

cardiac  infarction. 


(After  Ball  and  Hughes,  1949.) 


317 


DOSAGE  OF  ANTICOAGULANTS 


is  only  given  during  the  first  36-48  hours  of  treatment,  until  the 
dicoumarol  has  had  time  to  work,  and  most  workers,  e.g.  Barker yt 
al.  (1947),  recommend  50  mg.  4  hourly  by  intravenous  injection  to 


this  purpose.  ,  T. 

Dicoumarol.  Dicoumarol  is  given  m  capsules  by  mou  . 
is  usual  to  give  300  mg.  on  the  first  day,  200  mg.  on  the  second  day 
and  to  regulate  subsequent  doses  by  daily  measurements  of  the 
prothrombin  level  which  should  be  reduced  to  about  20  per  cent 
of  the  normal  value  in  the  plasma.  If  the  prothrombin  con¬ 
centration  exceeds  20  per  cent  of  normal,  200  mg.  of  dicoumarol  is 
given  on  that  day,  if  it  is  between  10  and  20  per  cent  of  normal  the 
dicoumarol  dose*  is  50-100  mg.,  and  if  the  prothrombin  level  is 
less  than  10  per  cent  of  normal  no  dicoumarol  is  given  on  that  day 
(Barker  ct  al.,  1947  ;  Wright  et  al.,  1948).  I  he  daily  total  is  best 
given  in  one  dose.  The  duration  of  treatment  is  related  to  progress, 
except  in  patients  with  coronary  thrombosis  to  whom  dicoumarol 
should  be  given  for  30  days  after  the  last  thromboembolic  episode. 
The  dosage  of  tromexan  is  given  on  p.  312. 

It  cannot  be  stressed  too  emphatically  that  dicoumarol  should 
never  be  given  without  laboratory  control  of  the  plasma  prothrombin 
level ;  fatal  lnemorrhage  has  resulted  in  patients  in  whom  this 
precaution  has  been  ignored  (Duff  and  Shull,  1949).  When 
dicoumarol  is  first  given  to  patients  with  thromboembolic  com¬ 
plications,  daily  determinations  of  the  prothrombin  level  are 
required  before  each  dose  of  the  drug.  It  is  feasible  to  give  di¬ 
coumarol  over  long  periods  of  time,  and  Olwin  (1949)  has  reported 
administration  for  up  to  23  months  ;  he  found  that  after  initial 
stabilization  it  was  quite  safe  to  measure  the  prothrombin  level 
at  weekly  intervals.  Olwin  noted  marked  variations  in  individual 
requirements  to  maintain  a  prothrombin  level  between  10  and  30 
per  cent  of  normal  ;  for  example  one  patient  required  100  mg.  of 
dicoumarol  weekly,  whereas  another  was  not  satisfactorily  con¬ 
trolled  by  2,800  mg.  weekly. 


Antagonists  to  Anticoagulants 

The  eflects  ol  heparin  may  be  immediately  antagonized  by 
intravenous  injection  of  5—10  ml.  of  1  per  cent  protamine  sulphate, 
for  reasons  previously  explained  (p.  304),  or  more  slowly  by  blood 
transfusion. 

Ihe  actions  of  dicoumarol  may  be  antagonized  : — 
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(1)  By  intravenous  injection  of  60-75  mg.  of  menadione  bi¬ 
sulphite  (water  soluble  vitamin  K  preparation),  every  four  hours. 
This  antagonizes  the  depressant  action  of  dicoumarol  on  pro¬ 
thrombin  formation  in  the  liver,  but  probably  takes  at  least  12 
hours  to  become  effective.  James  et  al.  (1949)  have  shown  that  the 
oxide  of  2-methyl-3-phytyl-l:  4-naphthoquinone  (vitamin  oxide) 
works  more  rapidly  than  either  menadione  sodium  bisulphite,  or 


Fig.  40 

Effect  of  transfusion  of  fresh  blood  on  prothrombin  time 
prolonged  by  dicoumarol. 

(After  Allen,  Barker  and  Waugh,  1942.) 

the  tetrasodium  salt  of  2-methyl-l  :  4-naphthohydroquinone 
diphosphoric  acid  ester  (synkavite),  for  this  purpose. 

(2)  Bv  transfusions  of  fresh  whole  blood,  which  provide  small 
quantities  of  prothrombin  without  delay  (Fig.  40). 

Toxic  Actions  of  Anticoagulants 

Haemorrhage  is  clearly  the  most  probable  complication  of  the 
use  of  anticoagulants.  The  danger  is  greater  with  dicoumarol 
than  with  heparin  owing  to  the  much  more  prolonged  action  of  the 


TOXICITY  OF  DICOUMAROL  :}1!> 

former  However,  if  the  dosage  is  properly  controlled  serious 
Weeding  with  dicoumarol  occurs  in  only  1-2.5  per  cent  of  cases 
(Barker8 4  at,  1947),  though  minor  hemorrhages,^  ep,stax,s, 
local  ecehymoses  and  transient  hremat.ma  may  occur  more 
quently.  Dicoumarol  does  not  increase  capillary  Iragihty,  but  the 
bleeding  time  may  be  prolonged  (Thorsen,  1947). 

Other  toxic  effeks  with  these  substances  include  very  occasiona 
allergic  hypersensitivity  to  heparin  and  to  dicoumarol,  and 
latter  sometimes  produces  headache,  nausea  and  diarrhoea. 


Contraindications  to  the  Use  of  Anticoagulants 

Blood  diseases  with  purpura,  fresh  wounds  and  open  ulcers  are 
clear  contraindications  to  the  use  ol  these  drugs.  It  is  now 
recognized  that  these  substances  are  dangerous  in  subacute 
bacterial  endocarditis,  in  which  they  have  previously  been  used 
(particularly  heparin)  to  enhance  the  actions  of  sulphonamidcs 
and  penicillin. 

Dicoumarol  should  not  be  given  to  patients  with  kidney  or 
liver  damage. 
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CHAPTER  15 


THE  MODE  OF  ACTION  OF  DRUGS 

There  has  been  much  investigation  concerning  the  mechanism 
by  which  drugs  produce  their  action  in  the  body.  VY  hatever  their 
method  of  administration,  they  are  distributed  in  a  variety  of 
ways,  and  ultimately  reach  the  cells  and  the  action  is  then  due  to 
the  effect  on  cells.  Drugs  can  produce  their  effects  either  by  acting 
on  the  surface  of  the  cell  or  by  penetrating  into  the  cell  and  pro¬ 
ducing  some  effect  in  the  interior  of  the  cell.  The  cell  consists  ot 
a  nucleus  and  surrounding  cytoplasm  and  the  effect  ot  a  drug  can 
thus  be  exerted  either  on  the  cytoplasm  or  on  the  nucleus  (or  both). 
There  is  indeed  much  evidence  that  certain  substances  do  penetrate 
into  the  interior  of  the  cell,  and  in  fact  cells  have  the  capacity  to 
accumulate  certain  substances  in  their  interior  producing  a 
concentration  which  is  much  higher  than  that  present  in  the 
surrounding  medium.  One  mechanism  by  which  drugs  can 
produce  their  effect  is  by  preventing  the  concentration  of  certain 
substances  in  the  interior  of  the  cell.  It  seems  likely  that  the  action 
of  penicillin  is  of  this  type,  preventing  the  accumulation  of 
glutamic  acid  in  certain  cells  (see  p.  148). 

Theoretically  an  action  on  the  nucleus  might  be  exerted  either 
by  the  drug  penetrating  into  the  nucleus  and  producing  some 
effect,  or  by  producing  an  effect  on  the  surface  of  the  nucleus,  i.e. 
at  the  nuclear  membrane.  Such  effects  have  not  so  far  been 
studied,  though  a  beginning  has  been  made  by  investigating  the 
structure  of  the  nuclear  membrane  by  means  of  the  electron 
microscope  (Callan  et  al.,  1949).  There  have  been  some  investiga¬ 
tions  on  the  actions  of  drugs  on  the  nucleus,  e.g.  in  the  case  of 
substances  like  colchicine  which  inhibits  mitosis,  or  other  sub¬ 
stances  which  have  actions  on  the  chromosomes  and  genes  (see 
C  hap.  11,  and  also  discussion  by  Dustin,  1947).  But  on  the  whole 
the  investigation  of  the  action  of  substances  on  the  nucleus 
is  in  a  very  early  stage  and  requires  much  further  work. 

t  is  also  possible  that  substances  produce  effects  at  other 
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surfaces  in  the  cell,  e.g.  at  the  surface  of  the  nucleolus,  Golgi 
apparatus,  etc. 

Recent  developments  in  pharmacology  have  concentrated 
attention  on  the  action  of  drugs  at  two  sites,  viz.  (1)  at  the  surface 
of  cells,  i.e.  action  on  membranes,  and  (2)  on  enzymes.  It  is  true 
that  an  action  at  the  cell  surface  will  frequently  produce  its 
ultimate  effects  by  involving  an  enzyme  system.  Much  has 
been  learned  about  the  properties  of  the  cell  surface  and  it  seems 
likely  that  specific  areas  exist  capable  of  combining  with  certain 
substances,  and  that  such  combination  is  followed  by  action  on 
the  cell. 

Modern  pharmacology  has  seen  the  development  of  the  con¬ 
cept  of  Ehrlich  that  drugs  can  unite  with  specific  receptors  and 
that  this  occurs  only  when  the  drug  and  the  receptor  fit  one 
another  in  the  same  kind  of  way  as  a  key  fits  into  a  lock,  though  it 
must  be  emphasized  that  we  know  very  little  about  the  nature 
of  these  receptors  and  their  physico-chemical  constitution.  It 
seems  likely,  however,  that  such  receptors  can  at  least  be  part  of. 
and  localized  on,  the  surface  of  the  cell,  or  they  may  be  part  of  an 
enzyme  system.  A  further  development  of  this  idea  is  that  a 
receptor  mav  be  occupied  not  only  by  a  specific  substance  which 
fits  accurately  on  to  it,  but  also  by  other  substances  rather  similar 
in  chemical  constitution,  which  also  fit  on  to  the  receptor,  though 
less  accurately  ;  if  the  receptor  is  occupied  by  its  appropriate 
specific  substance  which  is  present  in  the  surrounding  medium  or 
substrate,  then  changes  occur  which  ultimately  affect  the  activity 
of  the  cell.  For  example,  a  receptor  in  a  muscle  cell  or  gland  may 
become  occupied  by  a  substance  such  as  acetylcholine,  and  this 
is  then  followed  by  an  action  on  the  cell,  e.g.  contraction  of  the 
muscle,  or  activation  of  glandular  secretion.  The  receptor  may, 
however,  become  occupied  by  some  closely  similar  chemical  sub¬ 
stance  present  in  the  surrounding  medium  or  substrate  :  no 
further  action  then  occurs  and  the  effect,  e.g.  on  the  muscle  or 
oland,  is  not  produced.  But  there  is  a  further  important  conse¬ 
quence  of  this.  If  the  receptor  is  occupied  by  a  substance  which  is 
inactive,  then  the  appropriate  chemical  substance  can  no  longer 
become  attached  to  it,  even  if  it  is  present  in  the isurroum 
medium.  Two  substances  present  in  the  surrounding  medm 
(or  substrate)  can  therefore  compete  for  a  receptor,  and  the 
substrate  competition  has  been  applied  to  this. 
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Properties  of  the  Cell  Membrane 

There  are  many  theories  concerning  the  nature  of  the  ee 
membrane,  including  the  one  that  it  does  not  exist.  The  penetra¬ 
tion  of  various  substances  into  cells  is  a  very  complex  question. 
In  addition,  any  theory  about  the  cell  membrane  must  exp  am 
certain  other  properties  it  possesses,  notably  its  surface  tension 
and  wetting  properties.  In  all  probability  the  membrane  contains 
lipoid,  cholesterol  and  protein,  possibly  with  the  lipoid  inside  and 
the  protein  outside,  as  suggested  by  Danielli  (1937).  It  seems 
likely  that  some  of  the  protein  in  the  cell  membrane  forms  a 
part  of  enzymes,  i.e.  that  it  makes  up  the  protein  part  of  some 
enzymes.  This  would  explain  the  very  great  speed  with  which 
action  on  cells  can  be  produced,  since  the  enzymes  are  part  of  the 
cell  membrane  and  arc  thus  readily  accessible.  Moreover  drugs 
which  are  adsorbed  on  to  the  cell  surface  may  greatly  change  the 


surface  properties,  e.g.  pressure  and  potential,  and  this  may 
markedly  affect  the  rate  at  which  chemical  reactions  can  occur  at 
the  cell  surface. 

Substances  can  penetrate  inside  the  cell  (i)  by  simple  diffusion 
through  the  membrane,  either  through  an  aqueous  phase,  or, 
by  virtue  of  their  lipoid  solubility,  through  the  lipoid  layer  of  the 
membrane,  (ii)  by  a  process  of  active  transfer  involving  the 
expenditure  of  energy  (libber,  1940).  It  seems  likely  that  certain 
chemical  groupings  in  organic  substances  have  a  particular 
affinity  for  the  surface  of  the  cell  and  do  not  readily  remain  in  the 
aqueous  phase.  libber  has  applied  the  term  “organophilic- 
hydrophobic”  to  this  part  of  the  molecule.  The  first  step  in  the 
physiological  action  and  penetration  of  substances  is  probably 
their  anchorage  by  such  groups  in  the  phase  boundary  between  the 
cell  and  its  aqueous  surroundings.  The  substance  may  thus  be¬ 
come  attached  to  a  movable  carrier  which  then  actively  transfers 
it  into  the  cell.  No  more  precise  description  of  this  process  of 
penetration  is  possible  at  the  present  stage  of  knowledge. 

It  seems  very  probable  that  certain  drugs  exert  their  actions 
on  cells  not  by  penetrating  into  them  but  by  producing  some  effect 
on  the  surface.  Drugs  can  be  injected  directly  into  the  cells  by 
the  micromethod  developed  by  Chambers,  and  in  many  cases  the 
effect  which  is  then  produced  is  different  from  that  which  results 
when  the  cell  is  immersed  in  the  drug.  For  example,  narcotics 
and  hydrogen  cyanide  do  not  produce  a  narcotic  or  lethal  effect 
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when  injected  into  Amoeba  Proteus,  though  such  an  effect,  results 
when  the  amoeba  is  immersed  in  solutions  of  these  drugs.  It  might 
be  supposed  that  such  drugs  spread  uniformly  on  the  surface  of 
the  cell  and  affect  all  its  parts  equally.  Clark  (1937)  has  calculated 
the  minimum  number  ol  molecules  of  certain  drugs,  e.g.  adrenaline 
and  acetylcholine,  which  will  produce  an  effect  on  cells  and  has 
shown  that  the  number  is  not  sufficient  to  cover  the  surface  of  the 
cell.  This  also  applies  to  the  action  of  antibody  on  bacteria.  These 
drugs  presumably  act  by  uniting  with  specific  receptors  which  form 
only  a  small  fraction  ol  the  total  cell  surface.  In  many  cases,  if 
not  always,  such  specific  receptors  will  form  part  of  an  enzyme 
system  and  the  drug  will  thus,  in  the  first  place,  produce  its  effect 
by  modifying  the  activity  of  the  enzyme. 

It  is  noteworthy,  as  Clark  has  pointed  out,  that  such  specific 
receptors  are  found  on  surfaces  much  simpler  than  that  of  the 
cell.  Metallic  surfaces  which  have  catalytic  activity  can  be 
poisoned  by  small  quantities  of  certain  substances  which  act  in 
very  high  dilutions  on  active  patches  of  the  metal  surface  res¬ 
ponsible  for  the  catalytic  action. 

The  Nature  of  Enzymes 

Enzymes  play  a  vital  part  in  controlling  the  activities  of  the 
body  and  the  effects  of  drugs  are  largely  brought  about  by  their 
actions  on  enzymes.  Some  discussion  of  their  nature  and  properties 
is  therefore  relevant  at  this  point.  Their  main  property  is  that 
they  function  as  true  catalysts  and  very  markedly  accelerate 
the  rate  of  chemical  reactions.  Thus,  for  example,  catalase  de¬ 
composes  more  than  two  million  molecules  of  hydrogen  peroxide 
per  minute  at  ()°C.  per  active  centre  of  the  enzyme.  Enzymes  may 
be  regarded  as  one  form  of  active  or  functional  proteins.  Such  sub¬ 
stances  are  composed  of  two  main  parts,  viz.  a  large  carrier  part 
which  is  the  protein,  and  one  or  more  smaller  prosthetic  groups 
which  are  essential  for  the  activity  of  the  whole  molecule.  Haemo¬ 
globin  is  a  good  example  of  such  an  active  protein  and  is  composed 
of  these  two  groups,  viz.  the  protein  and  the  haemin  part  of  the 
molecule  actually  concerned  in  the  taking  up  ol  oxygen.  Antigenic 
substances  may  also  be  considered  to  be  similar  in  nature  and  in 
this  case  the  hapten  moiety  of  the  molecule  is  equivalent  to  the  pros¬ 
thetic  group  of  the  active  protein.  It  seems  likely  too  that  the 
nucleoproteins  which  make  up  the  chromosomes  and  genes  can  be 
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included  in  this  class  of  substances  and  genetic  methods  may  indeed 
prove  of  value  in  the  investigation  of  the  mechanisms  by  which 
they  are  produced  in  the  cell. 

In  the  case  of  enzymes  we  know  that  certain  types  of  substances 
are  essential  for  their  activity  by  forming  part  of  the  enzymes. 
It  seems  likely  that  certain  metals  which  are  essential  in  animal 
nutrition  owe  their  importance  to  the  fact  that  they  form  part  of  an 
enzyme.  Thus  for  example  iron,  so  essential  in  the  cellular  meta¬ 
bolic  processes,  is  a  component  of  catalase,  peroxidases,  cyto¬ 
chromes  and  lactic  dehydrogenases  ;  manganese  forms  an  integral 
part  of  arginase,  etc.  A  number  of  vitamins  too  have  been 
identified  with  the  prosthetic  group  of  an  enzyme  and  it  is  possible, 
as  Green  has  suggested,  that  all  vitamins  are  so  essential  for  the 
activity  of  the  body  because  they  form  an  intrinsic  part  of  some 
enzyme  system,  and  arc  needed  for  the  continual  renewal  of  the 
enzyme  which  has  only  a  limited  period  of  life.  It  is  now  known 
that  nicotinamide,  the  anti-pellagra  vitamin,  is  an  essential 
component  of  cozymase  which  is  the  coenzyme  of  fermentation  ; 
riboflavine  or  vitamin  B2  is  the  prosthetic  group  of  the  yellow 
enzyme  which  was  isolated  from  yeast  by  Warburg  ;  the  pros¬ 
thetic  group  of  carboxylase,  which  is  concerned  in  the  oxidation 
of  pyruvic  acid,  is  a  diphosphoric  ester  of  aneurin  (vitamin  Bt)  ; 
and  pyridoxal  (vitamin  B6),  in  the  form  of  its  phosphoric  ester,  is 
the  coenzyme  of  tyrosine  decarboxylase.  Moreover  vitamin  A, 
in  the  form  of  retinine,  acts  as  a  prosthetic  group  of  the  functional 
protein  in  the  visual  purple  of  the  eye. 

Many  enzymes  are  known  to  be  involved  in  the  effects  of  drugs. 
In  fact  Green  (1946)  has  gone  as  far  as  to  postulate  that  “any 
substance  which  in  trace  amounts  induces  profound  biological 
effects  does  so  either  by  participating  in,  or  by  specifically  affecting, 
some  enzyme  system.”  He  gives  a  list  of  substances  which  produce 
effects  in  the  body  by  an  action  on  enzymes  ;  to  this  may  be  added 
hesperidin  and  certain  of  its  derivatives,  which  inhibit  the  action  of 
hyaluronidase  (Beiler  and  Martin.  1948)  (see  Table  13). 

A  similar  mechanism  is  seen  in  the  relation  of  anaesthetics  to 
enzyme  activity,  as  suggested  by  Quastel  (1943).  According  to  his 
theory  anaesthetics  reversibly  inhibit  a  part  of  the  respiratory 
enzyme  system  of  the  C.N.S.,  probably  the  flavoprotein  component. 
It  is  likely,  however,  that  this  is  only  one  factor  in  the  action  of 
anaesthetics. 
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In  addition,  of  course,  many  enzymes  are  concerned  in  the 
destruction  and  detoxication  of  drugs.  The  list  of  enzymes  known 
to  be  concerned  in  such  processes  is  gradually  increasing.  An 
interesting  recent  addition  is  the  finding  that  cozymase  (diphos- 
phopyridine  nucleotide)  is  an  important  factor  in  the  destruction 
of  oestrone  and  testosterone  by  the  liver  (Coppedge  et  at.,  1048  ; 
Sweat  and  Samuels,  1918).  Williams  (1947),  in  his  review 
of  the  metabolism  of  drugs  in  the  body,  shows  quite  clearly 


Table  13 


Pharmacological  Agent 

Enzyme  inhibited  by  the  agent 

Fluoride 

One  of  the  anterior  pituitary 

Enolase 

hormones 

Hexokinase 

Cyanide 

Cytochrome  oxidase 

Eserine 

Choline  esterase 

Neostigmine 

Choline  esterase 

Chlorinating  agents 

Triosephosphoric  dehydrogenase 

Iodoaeetic  acid 

Triosephosphorie  dehydrogenase 

Ephedrine 

Amine  oxidase 

Phlorhizin 

Glucose  phosphorylase 

Gramicidin 

One  of  the  fermentation  enzymes 
involved  in  phosphorylation 

Hesperidin 

Hyaluronidase 

Enzyme  identical  with  agent 

a-Toxin  of  Clostridium  welehii 

A  leeithinase 

Lytic  factor  of  cobra  venom 
Spreading  factor 

A  leeithinase 

Hyaluronidase 

One  of  the  toxins  of  Cl.  welehii 

Collagenase 

how  often  the  enzymes  concerned  in  these  processes  arc  still 

Little  is  known  about  the  mechanism  by  which  these  large 
protein  molecules,  enzymes,  antigens  and  genes  produce  these 
highly  specific  effects.  The  configuration  of  their  surface  is  highly 
important  and  this  is  no  doubt  partly  dependent  on  the  presence  o 
prosthetic  (or  hapten)  groups,  the  whole  forming  a  pattern  into 
which  the  substance  acted  upon  fits,  according  to  the  lot  h  and  ke> 
analogy  of  Ehrlich.  Recent  work  on  the  chemistry  ot  protein. 
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suggests  that  their  molecules  are  made  up  of  chains  of  polypeptides 
which  can  be  folded  into  a  number  of  stable  configurations. 
Pauling  (1948)  has  developed  the  idea  that  the  actual  folding  of  the 
polypeptide  chain  is  an  important  factor  in  determining  the  pattern 
of  the  active  part  of  the  protein  molecule  and  that  this  can  explain 
the  specific  action  of  enzymes,  the  formation  of  antibodies  which 
interact  specifically  with  the  appropriate  antigen,  and  the  self 
duplicating  power  of  genes  and  viruses.  He  points  out  that 
growing  crystals  are  capable  of  selecting  from  a  complex  mixture 
of  substances  in  solution  just  the  molecules  of  one  kind,  rejecting 
all  the  others.  Thus  pure  crystals  of  sugar  may  deposit  from  a  jam 
in  which  there  are  molecules  of  many  different  substances.  A 
similar  type  of  mechanism  may  explain  the  formation  of  anti¬ 
bodies  by  antigens,  and  the  formation  of  new  molecules  of  genes 
and  viruses.  Enzymes,  he  believes,  are  molecules  that  are  comple¬ 
mentary  in  structure  to  the  activated  complexes  of  the  reactions 
which  they  catalyse  ;  the  attraction  of  the  enzyme  molecules  for 
the  activated  complex  would  thus  lead  to  a  decrease  in  its  energy, 
hence  to  a  decrease  in  the  energy  of  activation  of  the  reaction,  and 
finally  to  an  increase  in  the  rate  of  the  reaction.  These  concepts  are 
discussed  in  greater  detail  by  Pauling  in  another  article  (1948)  in 
which  he  suggests  that  the  folding  of  polypeptide  chains  explains 
only  the  formation  of  antibodies  and  that  other  large  biological 
molecules,  such  as  enzymes,  depend  upon  more  deep  seated 
changes  in  structure  to  produce  these  differences  in  specific 
properties. 


Substrate  Competition 

The  general  principles  underlying  the  concepts  of  substrate 
competition  have  already  been  discussed  (see  p.  322).  We  must 
now  consider  how  they  can  be  used  to  explain  the  action  of  some 
drugs,  and  how  they  can  be  made  a  starting  point  for  the  discovery 
of  new  drugs. 

It  has  been  accepted  for  a  long  time  that  physostigmine  and 
some  related  substances  produce  their  main  effects  by  a  mechanism 
dependent  on  substrate  competition,  i.e.  by  competing  with  acetyl¬ 
choline  for  the  enzyme,  cholinesterase  (see  Chap.  1).  In  the  same 
va\  the  action  of  epliedrine  and  perhaps  other  sympathomimetic 
amines  is  related  to  amine  oxidase,  one  of  the  enzymes  which 
destroys  adrenaline  in  the  body. 
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be  concerned.  The  remarkable  effect  exerted  by  sulphones,  e.g. 
sulphetrone,  in  leprosy  is  also  difficult  to  explain  on  the  assumption 
that  substances  of  this  group  have  no  specific  actions. 

Other  Antagonists  of  Essential  Metabolites 

The  concept  relating  the  action  of  sulphonamides  to  p-amino- 
benzoic  acid  has  proved  very  valuable  and  has  been  the  starting 
point  for  the  discovery  of  new  chemotherapeutic  substances. 
Search  has  been  made  for  other  substances  essential  for  bacterial 
metabolism,  and  then  for  suitable  analogues,  which  would  compete 
with  the  essential  metabolite  in  the  metabolism  of  the  bacteria  and 
thus  inhibit  their  growth  and  reproduction.  It  is  known,  for 
example,  that  aneurin,  nicotinic  acid  and  nicotinamide,  and 
pantothenic  acid  are  essential  for  the  growth  of  certain  bacteria, 
and  the  analogues,  pyrithiamine,  pyridine  sulphonic  acid  and 
pyridine  sulphonamide  and  pantoyltaurine  were  made  and  found 
capable  of  inhibiting  the  growth  of  the  appropriate  organisms. 
The  relations  between  these  various  substances  are  shown  in  the 
formulae  below. 
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These  results  have  not  so  far  proved  of  any  practical  importance, 
although  chemotherapeutic  effects  have  been  demonstrated  in 
infected 'animals,  e.g.  by  pantoyltaurine  in  rats,  in  which  the  blood 
level  of  pantothenic  acid  is  sufficiently  low  to  allow  of  inhibition 
by  pantoyltaurine.  This  emphasizes  the  fact  that  an  analogue 
which  acts  by  substrate  competition  with  a  bacterial  essential 
metabolite  can  be  of  value  only  when  it  does  not  appreciably 
affect  the  host,  i.e.  the  effect  on  the  invading  organisms  must  be 
selective.  This  is  well  illustrated  by  the  experiments  with  pyri- 
thiamine,  the  analogue  of  vitamin  Bt.  This  substance  inhibits  the 
growth  of  certain  organisms  which  are  dependent  on  an  external 
supply  of  thiamine.  But  under  suitable  conditions  it  will  also 
rapidly  bring  about  symptoms  of  vitamin  Bj  deficiency  in  the  host, 
by  competing  with  the  uptake  and  utilization  of  aneurin.  Thus 
the  administration  of  pyrithiamine  to  weanling  rats  leads  to  the 
development  of  progressive  inactivity,  tremors,  weakness  and 
convulsions,  and  death  ensues  within  some  three  days  of  the  first 
appearance  of  the  vitamin  deficiency  (Woolley  and  White,  1943). 
These  effects  are  of  course  the  same  as  develop  in  animals  which 
are  kept  on  a  vitamin  Bx  deficient  diet. 
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Folic  Acid  Antagonists 

Interesting  antagonistic  phenomena  have  also  been  obtained 
with  derivatives  of  folic  acid.  This  substance  is  essential  for  the 
growth  ol  certain  bacteria,  e.g.  streptococcus  fsecalis,  and  there  is 
evidence  that  it  plays  a  part  in  the  synthesis  of  desoxyribonucleic 
acid  (Prusoff  et  al.,  1948).  Related  substances  produce  an  anti¬ 
bacterial  action  which  is  antagonized  competitively  by  folic  acid. 
For  example,  if  the  pteroyl  nucleus  is  replaced  bv  the  benzi¬ 
midazole  nucleus,  the  resulting  compound  has  still  some  growth 
promoting  properties  but  if,  in  addition,  the  carboxyl  group  is 
substituted  by  a  sulphonyl  group,  then  the  resulting  substance 
(Derivative  I,  see  below)  becomes  a  metabolite  antagonist  and 
inhibits  the  growth  of  streptococcus  ftecalis  (Edwards  et  al.,  1948). 
Inhibition  of  the  growth  of  various  organisms  has  also  been 
obtained  with  simpler  compounds,  e.g.  derivatives  of  the  pteroyl 
part  of  the  folic  acid  (Daniel  et  al.,  1948). 
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Another  antagonist,  which  has  been  designated  “7-methvl  folic 
acid,”  though  it  has  not  been  fully  identified  chemically,  has  also 
interesting  properties.  It  antagonizes  the  growth  of  streptococcus 
fa’calis  and  produces  various  actions  in  animals.  Rats  receiving 
this  substance  develop  symptoms  typical  of  lolic  acid  deficiency , 
i.e.  loss  of  weight,  reduction  of  haemoglobin  and  white  cell  count, 
and  necrotic  and  ulcerative  changes  in  the  mouth.  Administration 
of  folic  acid  reverses  these  effects  (Franklin  et  al.,  1948).  Another 
observation,  which  may  open  up  an  important  field  of  investigation, 
has  been  made  by  Hertz  (1948).  He  found  that  the  growth  of  the 
chick’s  oviduct  in  response  to  oestrogen  administration  requires  an 
adequate  intake  of  folic  acid.  If  chicks,  maintained  on  a  normal 
diet,  are  given  “methyl  folic  acid  and  treated  with  oestrogen,  the 
growth  of  the  oviduct  is  markedly  inhibited.  Additional  ad¬ 
ministration  of  folic  acid  completely  reverses  this  inhibiting  effect. 
Similar  effects  have  also  been  described  in  frogs  (Goldsmith  et  al ., 
1948),  in  mice  (Hertz,  quoted  by  Goldsmith  et  al .,  1948),  and  in 
rats  (Hertz  and  Tullner,  1949).  Moreover  it  has  been  shown  that 
the  response  to  testosterone  of  the  seminal  vesicles  and  coagu¬ 
lating  glands  in  mice  is  interfered  with  by  the  administration  of  a 
folic  acid  antagonist  (Goldsmith  et  al.,  1949).  These  results 
suggest  that  the  enzyme  systems  responsible  for  the  growth  of 
certain  sex-organs,  which  are  stimulated  by  oestrogen  or  androgen, 
contain  folic  acid  as  a  prosthetic  group.  Hertz  and  Tullner  (1949) 
have  also  found  that  the  response  to  oestrogen  of  the  hen’s  oviduct 
is  inhibited  by  an  adenine  analogue,  2,  6-diaminopurine  :  this  effect 
is  reversed  by  adenine  (6-aminopurine)  but  not  by  folic  acid.  As 
these  authors  state,  such  observations  should  provide  a  useful 
experimental  tool  for  the  study  of  the  basic  metabolic  mechanisms 
involved  in  growth  processes  in  hormone-sensitive  tissues. 

Significance  in  Malignant  Disease.  A  similar  line  of  attack 
might  well  lead  to  the  control  of  growth  of  other  tissues,  and 
indeed  Goldsmith  et  al.  (1948)  have  found  that  the  development 
ol  drosophila  larvae  into  adults  is  prevented  byT  folic  acid  analogues. 
It  is  also  possible  that  the  administration  of  suitable  antagonists 
might  interfere  with  the  growth  of  malignant  tissue.  Welch  (1945) 
discusses  a  number  of  cases  in  which  amino  acids  and  related 
substances  are  competitively  concerned  in  the  growth  of  bacteria 
and  animals.  Sulphonic  acid  derivatives  of  various  amino  acids 
have  been  administered  to  mice  with  tumours  in  the  hope  of 
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inhibiting  their  growth,  which  is  so  much  more  rapid  than  that  of 
le  rest  of  the  body,  and  which  would  therefore  be  expected  to  be 
more  easily  affected  by  an  interference  with  the  assimilation  of 
amino  acids  ;  unfortunately  no  appreciable  effect  on  the  growth 

of  these  tumours  has  been  produced  (Greenberg  and  Schulman, 
1947). 

It  has,  however,  been  shown  that  folic  acid  is  essential  for  the 
growth  of  the  Rous  sarcoma  in  chickens,  and  that  this  growth  can 
be  inhibited  by  the  administration  of  folic  acid  antagonists  in  doses 
which  do  not  produce  any  symptoms  of  vitamin  deficiency  (Little 
et  al .,  1948).  The  growth  of  a  transplantable  mouse  sarcoma  lias 
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also  been  inhibited  by  the  administration  of  a  folic  acid  antagonist, 
4-amino-N10-methyl  pteroylglutamic  acid,  also  called  A-metho- 
pterin  (Moore  et  al.,  1949). 

A  number  of  purine  analogues  have  also  been  made  in  the  hope 
that  they  would  be  incorporated  in  the  nucleoprotein  and  thus, 
perhaps  selectively,  inhibit  the  multiplication  of  certain  types  of 
cells.  This  has  led  to  some  very  interesting  results.  It  has  been 
found  that  one  of  these  purine  analogues,  called  guanozolo  (which 
is  5-amino-7 -hydroxy-lH-v-triazolo  [d]  pyrimidine)  produces  very 
marked  inhibition  of  growth  of  malignant  disease  in  mice  :  so 
far  this  effect  has  been  shown  in  three  types  of  tumours,  viz.  a 
transplanted  adenocarcinoma,  a  spontaneous  mammary  cancer  and 
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a  lymphoid  leutemia.  The  treatment  does  not  cause  the  deatfiof 
the  malignant  cells  but  only  checks  their  giou  , 
shown  bv  pathological  examination  (Kidder  et  ah,  .  )• 

results  of  further  experiments  now  in  progress  will  be  eage  .  . 
awaited,  and  their  possible  clinical  significance  is  obvious. 


Vitamin  K  and  Dicoumarol 

There  are  many  other  pharmacological  actions  which  can  he 
explained  by  the  theory  of  substrate  competition.  In  some  cases 
the  evidence  is  very  good  while  in  others  it  is  at  present  only 
suggestive.  It  seems  very  likely  that  the  action  of  dicoumaro 
(discussed  in  Chap.  14)  is  due  to  an  interference  with  the  function 
of  vitamin  Iv.  This  vitamin  is  essential  for  the  formation  ot 
prothrombin  (Warner  et  al.,  1936).  It  may  thus,  like  some  other 
vitamins  already  discussed,  act  as  a  prosthetic  group  in  the  enzyme 
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system  responsible  for  the  synthesis  of  prothrombin.  As  can  be 
seen  from  the  formulae  shown  above,  the  half  molecule  of  di¬ 
coumarol  is  similar  in  chemical  structure  to  vitamin  Iv  and 
probably  acts  by  competing  with  it  in  the  enzyme  system.  It  is 
known  that  the  effects  produced  by  dicoumarol  can  be  antagonized 
by  the  administration  of  large  doses  of  vitamin  K  or  of  menaph- 
tlione,  the  synthetic  analogue  of  vitamin  K  which  has  the  same 
physiological  actions  (see  p.  318). 

Anti-histamine  Drugs 

It  is  possible  that  the  action  of  anti-histamine  drugs  can  also  be 
explained  by  substrate  competition,  and  this  question  is  reviewed 
by  Gaddum  (1948).  The  clinical  use  of  these  substances  is  discussed 
in  Chap.  3.  In  some  cases,  e.g.  mepyramine,  which  is  one  of  the 
most  active  of  the  anti-histamines,  the  resemblance  to  histamine 
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in  part  ot  the  formula  is  quite  striking,  but  with  other  substances, 
e.g.  benadryl,  the  similarity  is  by  no  means  convincing.  The 
resemblance  to  histamine  is  still  more  strained,  if  existent  at  all, 
in  the  group  ol  substances  based  on  the  pyridindene  nucleus,  e.g. 
thephorin  (Lehmann,  1948). 

It  it  could  be  shown  that  these  anti-histamine  substances  protect 
histamine  against  destruction  by  the  enzyme  histaminase  (diamine 
oxidase)  this  would  support  the  view  that  they  can  compete 
lor  and  occupy  the  same  receptor.  Kapeller- Adler  (1949)  has 
investigated  this  question  and  found  that  some  anti-histamine 
substances,  e.g.  antistin,  do  actually  exert  such  a  protective  action, 
whereas  others,  including  the  very  active  mepyramine,  do  not. 
All  these  findings  suggest  that  the  mode  of  action  of  the  anti¬ 
histamines  is  more  complex  than  merely  simple  competition  for  a 
receptor. 


Dimercaprol  (BAL) 

One  of  the  more  interesting  examples  of  substrate  competition 
which  has  proved  of  practical  value  is  that  which  involves  BAL,  or 
British  Anti-Lewisite,  so  named  by  the  Americans  during  the  war. 
Unlike  the  other  reactions  so  far  discussed.  BAL  does  not  compete 
with  the  normal  substrate  for  an  enzyme  receptor,  but  actually 
competes  with  the  enzyme  for  the  substrate.  These  relationships 
are  illustrated  in  Fig.  41. 

This  work  was  made  possible  by  the  fundamental  observations 
of  Peters  and  his  co-workers,  and  of  Voegtlin  and  his  colleagues, 
which  suggested  that  arsenicals  produce  their  toxic  effects  by 
reacting  with  certain  essential  thiol  compounds  present  in  proto¬ 
plasm,  probably  —  SH  components  of  the  pyruvate  oxidase 
enzyme  system  (see  Peters,  1948).  These  effects  were  demonstrated 
both  in  vitro  and  in  vivo.  This  led  to  the  search  for  substances 
with  — SII  groups  which  would  compete  with  the  — SH  groups 
of  the  enzyme  for  the  arsenical,  but  none  of  the  thiol  com¬ 
pounds  tested  at  first,  e.g.  glutathione,  diethyldithiocarbamate, 
proved  to  be  of  any  value.  Further  work,  however,  suggested  that 
lewisite  and  tri valent  arsenicals  combine  with  two  essential  SII 
groups  in  the  enzyme  system  to  form  stable  arsenical  rings  of 
the  type  shown  below,  such  compounds  being  more  stable  than 
compounds  of  an  arsenical  with  two  molecules  of  a  monothiol 

compound. 
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Stocken  and  Thompson  (1040)  prepared  a  number  of  ditluo 
compounds  and  tested  their  efficacy  in  antagonizing  the  action  ol 
lewisite.  They  found  that  2  :  3  dimercaptopropanol,  which  is  an 
oil  with  good  power  of  penetration  into  tissues,  was  effective  in 


Diagrammatic  Representation  of  Substrate 

Competition 

(1)  Two  substances  (e.g.  p-aminobenzoic  acid  and  a 
sulphonamide)  competing  for  an  enzyme  receptor. 

(2)  An  enzyme  receptor  (containing  two  SH  groups)  and 
BAL  (a  dithiol)  competing  for  a  metallic  poison  (e.g. 

an  arsenical). 

PHARMACOLOGY 


338  THE  MODE  OF  ACTION  OF  DRUGS 

preventing  the  vesicant  action  of  lewisite  on  the  skin.  The  reaction, 
which  involves  the  union  of  two  — SH  groups  with  the  arsenic, 
is  as  follows  : — 
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Further  work  showed  that  BAL  can  not  only  compete  with  the 
tissue  thiol  groups  for  the  arsenical  but  can  even  reverse  the  re¬ 
action,  provided  it  had  occurred  fairly  recently,  e.g.  within  about 
1-2  hours.  The  treatment  with  BAL  is  followed  by  a  marked 
increase  in  the  excretion  of  arsenic  in  the  urine  (Stocken  and 
Thompson,  1946).  It  is  of  interest  that  tissue  cultures  poisoned 
with  lewisite  largely  recover  when  treated  with  BAL,  showing 
that  the  effect  can  be  exerted  directly  on  cells  (Fell  and  Allsopp, 
1941).  BAL  not  only  forms  stable  compounds  with  arsenoxides, 
but  also  with  a  number  of  metals,  e.g.  gold,  lead,  bismuth  and 
mercury,  and  might  therefore  be  expected  to  be  ol  value  in  the 
treatment  of  poisoning  with  these  metals.  Experimental  evidence 
in  rabbits  shows  that  BAL  is  an  effective  antidote  in  acute 
poisoning  caused  by  antimony .  bismuth ,  chromium,  nickel  and 
mercury,  but  is  ineffective  against  lead,  thallium  and  selenium; 
indeed,  in  the  case  of  lead  and  selenium  BAL  appears  to  produce 
an  additive  toxic  action  (Braun  et  al,  1946).  Weatherall  (1948) 
finds  that  BAL  glycoside  does  apparently  reduce  the  mortality  in 
animals  poisoned  with  lead  acetate,  but  concludes  that  the  avail¬ 
able  evidence  does  not  warrant  the  use  of  BAL  in  clinical  plumbism. 
Similar  results  have  been  obtained  by  Germuth  and  Eagle  (1948). 
They  also  found,  however,  that  BAL  strikingly  increases  the  ex¬ 
cretion  of  lead  and  believe  that  this  justifies  its  cautious 
therapeutic  trial  in  cases  of  lead  poisoning.  BAL  is  of  value  in 
protecting  animals  from  the  systemic  effects  of  cadmium,  bu 
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appears  to  form  toxic  complexes  with  this  metal  which  give  rise 
to  serious  renal  damage  (Gilman  et  al.,  1946).  Protection  in  rats 
poisoned  with  gold  salts  has  been  demonstrated  by  Gillmor  and 
Frey  berg  (1948). 

Experimentally  it  has  been  shown  that  BAL  can  give  protection 
against  substances  other  than  metals,  e.g.  methyl-iodide  (Buckell, 
1949)  and  methyl  naphthoquinone  (Richert  and  Bass,  1949). 

BAL  is  by  no  means  entirely  non-toxic  and  cannot  be  injected 
intravenously.  A  less  toxic  compound,  a  glycoside,  has  been 
prepared  and  named  BAL-intrav.,  as  it  is  suitable  for  intravenous 
injection  (Danielli  et  al.,  1947).  It  is  possible  that  this  compound 
may  prove  of  value  in  the  treatment  of  the  acute  stages  of  metallic 
poisoning. 


Clinical  Use 

BAL  is  a  colourless  oil,  soluble  in  fat  solvents,  and  soluble  in 
water  to  the  extent  of  about  6  per  cent.  It  is  usually  administered 
intramuscularly  as  a  5  per  cent  or  10  per  cent  solution  in  arachis 
oil  and  benzyl  benzoate.  The  question  of  dosage  requires  con¬ 
sideration  as  BAL  itself  will  produce  toxic  effects  in  amounts  not 
iar  above  the  therapeutic  level.  In  man,  doses  between  3  and  5 
mg. /kg.  have  produced  some  toxic  reactions,  but  with  single  doses 
up  to  8  mg. /kg.  the  effects,  which  include  lacrimation,  salivation, 
vomiting  and  rise  in  blood  pressure,  last  only  a  few  hours.  When 
applied  to  the  skin  BAL  may  produce  irritation  and  wheal  forma¬ 
tion,  and  allergic  sensitization  to  BAL  does  occur. 

BAL  is  rapidly  metabolized  and  excreted  in  the  urine  as  a 
closely  related  thiol  (Spray  et  al,  1947).  Other  pharmacological 
actions  are  described  in  a  supplement  to  the  Journal  of  Pharma¬ 
cology,  1946.  87,  No.  4,  and  by  Graham  and  Ilood  (1948).  A  method 
lor  the  determination  of  BAL  in  blood  is  described  by  Aldridge 
(1948).  According  to  Modell  et  al.  (1946)  no  significant  cumulation 
occurs  in  man  when  the  drug  is  given  in  doses  of  5  mg./kg.  at  three 
hourly  intervals.  In  practice,  therefore,  BAL  has  usually  been 
f VCn,  first  at  f°ur  hourly  intervals,  and  after  the  first  day  in 
twice  daily  injections.  In  Britain  the  doses  have  been  of  the  order 

hc'a  Tp  (kg’  b,Ut  1,gher  amounts  have  been  administered  in  the 

anniied  bv  V"  5  SuIf  e^er  and  Baer,  1947).  It  can  also  be 
apphed  by  inunction,  in  the  form  of  an  ointment,  but  is  painful 

611  aPP  R<  to  tlle  inflamed  skin  (Longcope  et  al.,  1946). 
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BAL  has  been  found  of  value  in  poisoning  with  arsenicals  of 
various  types,  e.g.  mapharsen,  phenyl  arsenoxide,  lewisite. 
Striking  effects,  illustrated  in  Fig.  42,  have  been  observed  in  eases 
of  exfoliative  dermatitis  (Carleton  et  al.,  1948).  BAL  has  been 
of  value  in  poisoning  with  mercuric  chloride  and  great  importance 
is  here  attached  to  prompt  treatment  (Longcope  and  Luetscher, 
1946).  The  drug  has  also  been  used  to  treat  toxic  reactions  due  to 
the  administration  of  gold  (Lancet,  1947),  lead  (Telfer,  1947), 
bismuth  (Cormia  and  Blauner,  1947),  cadmium  and  zinc  (men¬ 
tioned  by  Pfeiffer  and  Loew,  1947)  and  tellurium  (Amdur,  1947; 
Mazzei  and  Schaposnik,  1949). 

Carinamide  (Caronamide) 

This  drug  is  used  to  decrease  the  excretion  of  penicillin  and  its 
therapeutic  uses  are  discussed  in  Chap.  7.  Its  mode  of  action  is 
interesting  and  apparently  involves  a  competitive  mechanism  in 
the  renal  tubules.  Of  the  penicillin  excreted  by  the  kidney,  about 


Carinamide 


80  per  cent  is  eliminated  through  the  renal  tubule  and  only  about 
20  per  cent  by  the  glomeruli  (Beyer,  1947).  This  led  to  the  search 
for  drugs  which  would  interfere  with  tubular  activity  and  thus 
decrease  the  excretion  of  penicillin.  Two  drugs,  viz.  diodone 
(diiodopvridone  acetic  acid  diethanolamine)  (Rammelkamp  and 
Bradley,  1943)  and  p-aminohippuric  acid  (Beyer  et  al.,  1944),  were 
found  to  have  such  an  effect,  acting  by  competing  for  the  transport 
mechanism.  Carinamide  (4'-carboxylphenyl-methane  sulphon- 
anilide!  is  even  more  specific  in  its  action  and  apparently  produces 


Fig.  42 

Effect  ol  treatment  with  BAL  in  exfoliative  dermatitis  following 
treatment  with  neoarsphenamine  in  a  patient  with  secondary  syphilis. 

14.1.46.  Condition  immediately  before  the  beginning  of  BAL  adminis¬ 
tration  (Full  course  given  between  14.1 .46  and  19.1.46).  6.2.46.  Con¬ 

dition  23  days  later. 

(After  Carleton  et  al.y  1948.) 
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The  discovery  of  this  drug  will  no  doubt  lead  to  the  search  for 
substances  capable  of  inhibiting  the  secretory  activity  of  other 
types  of  cells,  by  interfering  with  the  appropriate  enzyme  system. 
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CHAPTER  16 


METHODS  OF  STUDYING  THE  FATE  OF 
DRUGS  IN  THE  BODY 


One  of  the  important  advances  in  modern  pharmacology  is  the 
progress  that  has  been  made  in  studying  the  fate  of  various 
substances  in  the  body;  this  has  involved  the  use  of  many 
new  techniques.  The  findings  have  been  of  value  not  only  in 
increasing  our  understanding  of  the  mechanism  by  which  drugs 
act,  but  also  in  the  more  successful  application  of  drugs  in  thera¬ 
peutics.  A  simple  example  will  illustrate  this  point.  \  arious 
methods  have  been  devised  for  detecting  and  estimating  sul- 
phonamides  in  tissues  and  fluids.  Such  methods  have  been  of  value 
in  studying  the  interaction  between  sulphonamides  and  p-amino- 
benzoie  acid  in  vivo,  and  in  showing  that  the  antagonism  between 
these  two  substances  demonstrated  in  vitro  also  holds  in  the  intact 
animal.  They  have  therefore  helped  in  elucidating  the  mechanism 
of  action  of  the  drug.  In  practice  the  estimation  of  sulphonamides 
in  the  blood,  etc.,  has  been  of  value  in  deciding  whether,  with  the 
dosage  given,  the  necessary  chemotherapeutic  concentration  has 
been  reached  ;  it  has  also  been  shown  that  by  the  local  application 
of  the  drug  to  certain  tissues  much  higher  concentrations  can  he 
produced  locally,  and  thus  lead  to  a  very  effective  chemothera¬ 
peutic  action.  This  has  been  well  demonstrated  for  example  m 

the  treatment  of  ocular  infections. 

The  measurements  that  have  been  made  have  thus  given 


information  about  : —  .iiallv 

(1)  The  mode  of  action  of  the  drug,  e.g.  whether  it.  is  actual  y 

the  active  principle  or  whether  it  is  changed  in  the  body  to  some 
substance  which  is  responsible  for  the  effect  produced.  The  vanous 
changes  which  occur  in  the  body  in  penta valent  and  tnvalent 

organic  arsenicals  are  good  illustrations.  .  je 

(2)  The  site  of  action  of  the  drug.  Sometimes  tins  is  a  simp 
t1L  to  determine,  e.g.  when  a  drug  acts  in  the  blood.  But  in 

other  cases  the  matter  is  more  difficult  and  considerable  mgenm  } 
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has  been  used  in  tracing  drugs  in  various  tissues.  For  example, 
acetylcholine  containing  radioactive  nitrogen  has  been  use  o 
determine  whether  this  substance  penetrates  through  the  mem¬ 
brane  of  nerves.  It  is  remarkable,  however,  that  even  in  wel 
known  fields  of  therapy  information  is  sometimes  lacking.  I  here 
is  for  example,  little  knowledge  about  the  penetration  of  arsemcals 
into  the  eye.  even  though  these  substances  are  widely  used  m  the 
treatment  of  syphilitic  ocular  lesions. 

(3)  The  concentrations  of  drugs  that  are  necessary  to  produce 
certain  effects,  and  the  period  of  time  during  which  these  con¬ 
centrations  must  be  maintained.  Some  drugs  act  in  very  low 
concentrations  and  hence  the  methods  needed  tor  their  identifica¬ 
tion  and  assay  must  be  very  delicate.  Very  frequently,  with  the 
introduction  of  a  new  substance,  it  is  necessary  to  devise  methods 
for  its  assay  in  body  fluids  and  tissues.  Penicillin,  streptomycin 
and  proguanil  are  good  examples  of  this. 

The  main  methods  which  are  used  for  the  identification,  assay 
and  localization  of  drugs  can  be  discussed  under  three  headings, 
viz.,  physical,  chemical  and  biological.  It  may  be  added  that, 
though  we  have  much  knowledge  about  the  distribution  of  drugs 
in  the  extracellular  fluids,  we  know  comparatively  little  about 
their  penetration  and  distribution  in  cells  and  this  must  represent 
an  important  field  of  investigation  in  pharmacology. 


(1)  Physical  Methods 

The  most  important  of  these  depends  on  the  use  of  isotopes  and 
this  will  be  discussed  in  detail  below.  Other  methods  too  are 
highly  sensitive  and  have  given  interesting  results. 

Some  substances  show  fluorescence  in  ultra-violet  light,  e.g. 
mepacrine  and  quinine,  and  this  has  been  used  for  their  localization 
in  tissues.  Helander  (1945)  has  used  this  method  for  detecting  the 
presence  of  various  sulphonamides  in  different  organs.  Beautiful 
microphotographs  show  the  presence  of  sulphonamides  in  kidney 
cells  as  well  as  in  the  lumen  of  the  tubules,  and  also  illustrate  the 
affinity  of  one  of  these  drugs,  prontosil,  for  collagen  and  elastic 
fibres  ;  high  concentrations  of  prontosil  are  thus  produced  and 
stored  in  the  lungs,  tendons,  skin,  ligaments  and  elastic  cartilage. 

Bracket  (1947)  discusses  some  recently  developed  methods  for 
the  estimation  of  small  quantities  of  substances.  Caspersson 
(see  Bracket,  1947)  has  elaborated  a  physical  method  for  detecting 
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nucleic  acids  in  the  cell.  These  substances  have  an  absorption 
band  in  the  ultra-violet  light  with  a  maximum  at  about  2,650  A. 
Caspersson  has  measured  the  absorption  spectrum,  in  ultra-violet 
light,  of  particles  of  a  diameter  as  small  as  0 . 1  /x  and  has  thus  been 
able  to  determine  the  distribution  of  nucleic  acids  in  the  cell 
nucleus  and  cytoplasm  under  various  conditions.  The  results 
have  been  of  particular  interest  in  the  study  of  the  role  of  nucleic 
acid  in  cell  division.  A  similar  method  could  be  used  for  other 
substances  which  have  a  definite  absorption  spectrum. 

The  polarographic  method,  which  was  developed  by  Heyrovsky 
more  than  20  years  ago,  is  now  being  applied  to  the  assay  of  sub¬ 
stances  of  biological  interest  e.g.  steroids.  The  method  is  based 
on  the  interpretation  of  the  current  voltage  waves  that  are  obtained 
when  solutions  of  electro-reducible  or  electro-oxidisable  substances 
are  hydrolysed  in  a  cell  in  which  one  electrode  consists  of  mercury 
falling  in  drops  from  a  very  fine  bore  capillary  glass  tube.  From 
the  characteristics  of  such  curves  both  the  type  of  substances 
present  in  the  solution  and  their  concentration  can  be  determined. 
The  method  is  specially  suitable  for  small  concentrations  and  since 
the  analysis  can  be  performed  with  a  very  small  volume  of  solution, 
mere  traces  of  substances  can  be  determined.  The  subject  is 
discussed  in  detail  in  the  book  by  Kolthoff  and  Lingane  (1946). 

(2)  Chemical  Methods 

These  are  in  general  a  good  deal  less  sensitive  than  the  physical 
or  biological  methods.  Very  often  the  substances  are  estimated 
after  suitable  extraction  from  tissues  or  fluids.  Chemical  reactions 
leading  to  the  development  of  a  colour  are  frequently  employed  : 
the  depth  of  the  colour  is  most  accurately  determined  by  means  of 
photo-electric  methods. 

Methods  for  estimating  very  small  quantities  of  substances 
have  been  elaborated  by  Linderstrom-Lang  and  Holter,  and  by 
other  investigators,  and  are  discussed  in  the  book  by  Brachet 
mentioned  above.  With  micro-titration  methods,  for  example, 
amounts  of  ammonia  of  less  than  0 . 3  ^.g.  can  be  estimated  with  an 
accuracy  greater  than  ±0.005  \ig.  Colorimetric  and  volumetric 
methods  capable  of  being  applied  to  very  small  quantities  of 
material  have  also  been  developed.  For  example,  Heatley  et  al. 
(1939)  have  described  a  micromanometer  in  which  1  mm.  on  the 
scale  corresponds  to  0.004  to  0.008  cubic  millimeters  of  a  gas. 
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Another  method  by  which  small  quantities  of  substances  can  be 
demonstrated  and  roughly  assayed  in  tissues  is  by  staining  them 
in  situ  (cytochemical  method).  The  substance  has,  of  course, 
first  to  be  fixed  in  position,  and  the  substance  or  grouping  to  be 
detected  must  react  specifically  with  another  substance  to  give  a 
colour  which  is  then  observed  under  the  microscope.  Such  methods 
have  been  used  to  detect  proteins,  lipoid,  glycogen  and  ascorbic 
acid  ;  also  enzymes  of  various  types,  including  respiratory 
enzymes,  ribonuelease  and,  very  recently,  choline  esterase  (Koelle 
and  Friedenwald,  1949).  They  have  been  applied  recently  to 
study  the  site  of  origin  of  various  hormones  in  the  ovaries  and  the 
placenta.  Claesson  and  Hillarp  (1947)  have,  by  such  methods, 
obtained  evidence  which  suggests  that  the  secretion  of  oestrogen 
bv  the  ovary  is  accompanied  by  the  disappearance  of  a  steroid 
precursor  stored  in  the  organ,  while  Wislocki  and  Bennett  (1943) 
have  extensively  studied  the  placenta  histologically  in  the  human 
and  monkey  and  conclude,  very  tentatively,  that  gonadotrophin 
is  produced  in  the  cytotrophoblast  and  the  steroid  hormones  in 
the  syncytium.  Similar  methods  are  also  being  used  to  study  the 
secretory  activity  of  the  adrenal  cortex  (Creep  and  Deane,  1947  ; 
Kar,  1947). 

(3)  Biological  Methods 

The  methods  so  far  described  may  not  be  suitable  for  the  assay 
of  small  quantities  of  certain  substances,  but  sometimes  this  may 
be  done  by  measuring  the  biological  effect  which  they  produce, 
preferably  in  comparison  with  the  effect  produced  by  a  known 
preparation  of  the  substance  under  test.  This  method  has  been 
used  very  extensively  in  modern  pharmacology  and  has  made  it 
possible  to  follow  the  late  in  the  body,  and  rate  and  mechanism 
ol  elimination,  of  substances  like  histamine,  acetylcholine,  some 
hormones  and  vitamins  and  various  antibiotics. 

Biological  methods  can  be  very  sensitive  but  are  also  usually 
cumbersome  and  time  consuming,  and  are  therefore,  as  a  rule, 
used  only  when  other  methods  are  not  available  or  satisfactory. 
Clark  (1937)  has  discussed  the  minimum  concentrations  of  drugs 
which  will  produce  effects  on  living  tissue.  A  number  of  common 
drugs  such  as  histamine  and  posterior  pituitary  extract  are  active 
at  dilutions  between  1  part  in  10»  and  one  part  in  10“  and  there  is 
some  evidence  that  even  lower  concentrations  may  be  effective. 
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As  Clark  remarks,  this  is  not  so  surprising  since  a  solution  of,  for 
example,  adrenaline  at  a  dilution  of  1  in  1016  will  still  contain 
300,000  molecules  per  ml.  An  interesting  example  of  a  substance 
acting  in  very  small  amounts  is  that  of  the  hemopoietic  factor  of 
the  liver  which  produces  an  effect  in  man  in  a  dose  as  small  as  Ifxg. 
It  will  produce  an  effect  on  the  growth  of  an  organism,  L.  lactis, 
in  concentrations  of  about  1  part  in  1011  (Riekes  et  al.,  1948). 

One  difficulty  with  biological  effects  is  that  they  may  not 
be  very  specific.  For  example,  histamine  produces  a  contraction 
of  the  guinea  pig’s  intestine  and  tissue  extracts  have  been  assayed 
for  their  histamine  content  by  this  method.  There  are,  however, 
several  other  substances  which  will  produce  this  effect  and  which 
may  be  present  in  tissue  extracts.  Various  methods  are  used  to 
get  over  this  difficulty.  In  the  first  place,  the  extract  may  be 
treated  chemically  by  methods  which  will  destroy  other  sub¬ 
stances  likely  to  be  present,  and  yet  have  no  appreciable  effect 
on  the  substance  to  be  tested.  Secondly,  the  effect  of  the  extract 
may  be  tested  in  the  presence  of  a  substance  known  to  inhibit 
the  active  principle  in  a  more  or  less  specific  manner.  For  example, 
if  the  effect  is  abolished  by  atropine  it  is  probably  due  to  acetyl¬ 
choline  or  some  similar  active  principle  ;  and  if  the  effect  is 
decreased  or  abolished  by  anti-histamine  substances,  e.g.  mepv- 
ramine,  then  this  will  support  the  belief  that  the  active  principle 
is  histamine. 

Another  important  method  is  to  test  the  extract  on  several 
different  tissues.  For  example,  extracts  which  are  believed  to 
contain  adrenaline  can  be  assayed  for  their  adrenaline  content 
on  the  frog’s  heart  which  is  stimulated,  the  rabbit  s  small  intestine 
which  is  inhibited,  and  the  cat’s  blood  pressure  which  is  raised 
The  effects  produced  in  these  various  experiments  can  be  compared 
with  those  produced  by  a  standard  solution  ol  adrenaline.  If  the 
results  obtained  in  the  different  tests  are  in  substantial  agreement, 
i.e.  if  they  all  show  that  the  extract  contains  the  same  concentra¬ 
tion  of  adrenaline,  this  will  strengthen  the  conclusion  that  what 
was  assayed  in  the  extract  was,  in  actual  fact,  adrenaline. 

Biological  methods  of  assay  have  been  of  great  value  in  modern 
work  with  antibiotic  substances.  Here  sensitive  organisms  serve 
test  object  and  the  effect  on  their  growth  of  a  tissue  fluid  or 


as  a 


extract  containing  tl.e  antibiotic  is  compared  with  that  of  standard 
solutions  of  the  antibiotic  under  investigation.  It  is  onl>  b> 


biological  methods 
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use  of  such  methods  that  the  extensive  work  on  the  rate  o 
absorption,  metabolism  and  excretion  of  substances  such 
penicillin  and  streptomycin  lias  been  possible.  T  ’ 
biological  methods,  are  very  time  consuming  and  attempts  have 
been  made  to  develop  chemical  methods  by  which  such  antibiotic 
substances  could  be  assayed.  One  such  method  has  been  elaborated 
for  streptomycin  and  is  being  investigated  for  the  determination  ot 
this  substance  in  tissue  fluids  (Boxer  et  al.,  1948). 


Isotopes 

This  is  a  subject  which  has  advanced  very  rapidly  and  the 
methods  developed  are  of  value  in  many  fields  of  scientific 
investigation,  not  all,  unfortunately,  beneficial  to  man.  rlhe 
principle  of  these  methods  will  first  be  discussed  and  their  applica¬ 
tion  to  the  problems  of  pharmacology  in  particular  will  then  be 
considered.  As  will  be  seen  the  main  advantages  of  the  isotope 
methods  are  (1)  that  they  are  very  sensitive  and  hence  very  high 
dilutions  of  substances  introduced  into  the  body  can  be  detected, 
and  (2)  that  the  introduction  of  an  isotope  into  a  substance  does 
not  in  any  way  change  its  chemical  properties  ;  thus  the  body 
cannot  distinguish  between  two  substances,  one  of  which  is  a 
normal  constituent  and  the  other  the  same  substance  containing 
an  isotope.  , 


Physical  Basis 

All  chemical  elements  have  three  essential  constituents,  namely 
the  protons  and  neutrons  which  constitute  the  nucleus,  and  the 
electrons  which  surround  the  nucleus.  The  proton  carries  one 
positive  electric  charge  and  the  electron  carries  a  negative 
electric  charge.  The  neutron  carries  no  charge  and  therefore  passes 
through  an  electric  field  without  deflection.  For  that  reason 
neutrons  are  particularly  suitable  for  bombarding  the  nuclei  of 
atoms,  since  they  will  not  be  deflected  by  charges  in  the  atoms, 
and  thus  will  be  capable  of  getting  at  and  hitting  the  nucleus. 
I  lie  mass  ot  the  proton  and  neutron  is  about  the  same,  but  that  of 
the  electron  is  much  smaller,  viz.  about  1/2, 000th  that  of  the  proton 
or  neutron,  llie  nucleus  of  an  atom  occupies  onlv  a  very  small 
space  as  compared  with  the  whole  atom  :  if  the  nucleus  be  regarded 
as  a  sphere  about  1  cm.  in  diameter,  then  the  average  electron  is, 
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in  comparison,  about  ]00  metres  away,  i.e.  atoms  are  really  very 
empty  structures. 

Ihe  atomic  weight  of  an  element  is  essentially  dependent  on  the 
total  number  ol  protons  and  neutrons  it  contains.  But  its  atomic 
number,  and  hence  its  chemical  properties,  depends  on  the  number 
of  peripheral  electrons  (carrying  negative  charges)  which  equals 
the  number  ot  protons  in  the  nucleus  (carrying  positive  charges), 
since  the  atom  is  electrically  neutral.  The  atomic  numbers  of  the 
elements  vary  from  1  to  92.  It  is  obvious  that  the  addition  or 
subtraction  of  a  neutron  from  an  atom  will  not  alter  the  charge  in 
the  nucleus  or  the  number  of  electrons  in  the  atom.  Hence  its 
chemical  properties  will  remain  unaltered  even  though  its  atomic 
weight  is  changed.  It  is  thus  possible  to  have  two  or  more  atoms 
which  have  the  same  atomic  number,  the  same  chemical  properties, 
but  different  atomic  weights,  and  these  are  called  isotopes. 

For  example,  an  atom  of  ordinary  hydrogen  found  in  nature 
contains  one  proton  and  one  electron  and  has  an  atomic  number 
of  one.  Heavy  hydrogen,  or  deuterium,  contains  one  proton,  one 
neutron  and  one  electron.  It  therefore  also  has  an  atomic  number 
of  one,  but  an  atomic  weight  of  two.  These  two  isotopes  have 
exactly  the  same  chemical  properties  and  can  only  be  separated 
by  physical  means.  In  actual  fact  the  hydrogen  found  in  nature 
does  not  entirely  consist  of  the  element  with  an  atomic  weight  of 
one,  since  it  contains  about  0 . 2  per  cent  of  heavy  hydrogen.  In  the 
same  way  the  carbon  found  in  nature  (of  atomic  weight  12) 
contains  about  0.7  per  cent  of  an  isotope  with  an  atomic  weight 
of  13  (i.e.  there  is  one  more  neutron  in  the  nucleus),  and  the 
nitrogen  in  nature  (atomic  weight  14)  contains  0.368  per  cent  of 
an  isotope  of  atomic  weight  15. 

Other  elements  found  in  nature  are  also  mixtures  of  isotopes. 
For  example,  chlorine  owes  its  non-integral  atomic  weight  (35.5) 
to  the  fact  that  it  contains  25  per  cent  of  an  isotope  with  an  atomic 
weight  of  37  and  75  per  cent  of  an  isotope  with  an  atomic  weight 
of  35.  And  natural  iron  is  a  mixture  of  four  isotopes  having 
atomic  weights  respectively  of  54  (6.0  per  cent),  5G  (91 .6  per  cent), 
57  (2.1  per  cent)  and  58  (0.28  per  cent). 

All  the  isotopes  so  far  mentioned  are  stable,  i.e.  the  atoms  do  not 
spontaneously  disintegrate.  With  the  exception  ol  hea\  \  h\  di  oge  n 
they  can  only  be  identified  by  an  apparatus  called  the  mass 
spectrograph,  in  which  the  ionized  atoms  are  accelerated  in  a 
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magnetic  field,  which  causes  them  to  travel  in  a  circular  path, 
the  radius  of  which  depends  on  the  mass  of  the  particu  ar 
particle.  A  collecting  plate  accumulates  the  charges  brought  to 
it.  and  the  relative  amount  of  the  particular  isotope  is  determiner 
from  the  value  of  the  charge  collected.  Heavy  hydrogen  can  be 
converted  into  water,  and  the  amount  present  measured  by  means 
of  its  specific  gravity.  Very  accurate  methods  have  been  devised 
for  measuring  the  specific  gravity. 

Radioactive  Isotopes 

In  some  cases  the  constitution  of  an  atomic  nucleus  is  such  that 
it  no  longer  remains  stable.  The  forces  which  hold  the  constituents 
of  the  nucleus  together  are  at  present  being  intensively  studied, 
but  it  is  not  yet  fully  understood  why  some  atoms  are  stable,  while 
others  must  undergo  decomposition.  The  outstanding  example  of 
an  unstable  element  is,  of  course,  radium,  but  others  occur  in 
nature,  and  many  others  have  been  made  artificially,  for  various 
purposes,  chiefly  by  the  use  of  the  cyclotron  or  in  the  uranium  pile. 
These  unstable  elements  disintegrate  with  emission  of  various 
types  of  radiation  and  they  are  therefore  called  radioactive. 
The  main  radiations  which  are  emitted  during  the  course  of 
disintegration  are  : — 

(1)  a -rays  :  These  are  the  nuclei  of  helium  atoms  and  consist 
therefore  of  two  protons  and  two  neutrons.  They  have  very  little 
power  of  penetrating  tissues  and  are  therefore  of  little  practical 
importance,  though  they  are  of  experimental  interest  in  relation 
to  the  mode  of  action  of  radiation. 

(2)  fi-rays  :  These  are  negatively  or  positively  charged  electrons 
which  have  a  greater  power  of  penetration  than  the  a-particles, 
but  much  less  than  y  radiation.  For  example,  most  of  the  /3-rays 
emitted  by  radium  will  be  absorbed  by  a  few  millimetres  of  tissue. 
The  term  positron  is  applied  to  a  positively  charged  electron. 

(3)  y-rays  :  These  are  high  energy  photons,  i.e.  quanta  of 
electro-magnetic 'energy.  They  are  exactly  the  same  as  X-rays  of 
very  short  wave  length.  They  have  a  high  power  of  penetration 
and  will  easily  pass  through  tissues  and  through  many  feet  of  air. 
They  are  stopped  by  elements  of  high  atomic  number  ;  thick 
sheets  of  lead  are  usually  used  as  a  shield  against  sources  of  y 
radiation  (and  X-rays). 

rhe  rate  at  which  radioactive  elements  disintegrate  varies 
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tremendously.  lor  example,  radium  does  so  very  slowly  while 
C11  (carbon  with  an  atomic  weight  of  11)  disintegrates  in  a  matter 
of  minutes.  The  half  life  of  an  element  is  the  time  required  for 
the  sample  to  decay  to  one-half  of  its  original  activity.  The  half 
life  of  uranium  is  about  a  billion  years  ;  of  C14  about  5,000  years 
and  of  N13  less  than  ten  minutes.  Some  of  the  radioactive  isotopes 
that  have  been  used  in  pharmacological  and  therapeutic  work, 
together  with  their  half  life  and  the  type  of  radiation  they  emit, 
are  given  in  Table  14. 


Table  14 


Element 

Half  life 

Radiations  emitted 

Tritium  (H3) 

31  years 

P 

Carbon  (C11) 

205  mins. 

P  (positrons) 

Carbon  (C14) 

4.7  x  103  years 

P 

Phosphorus  (P32) 

14.3  days 

P 

Sulphur  (S35) 

87.1  days 

P 

Sodium  (Na24) 

14.8  hours 

P>  Y 

Calcium  (Ca45) 

180  days 

P,  Y 

Strontium  (Sr89) 

55  days 

P 

Bromine  (Br82) 

34  hours 

P,  Y 

Iodine  (I130) 

12.6  hours 

Pt  Y 

Iodine  (I131) 

8  days 
f  21  mins. 

Pi  Y 

|  j8  (positron),  y 

Manganese  (Mn52) 

(6.5  days 

( p  (positron),  y 

Iron  (Fe55) 

4  years 

Y 

Iron  (Fe59) 

47  days 
( 50  hours 

Pi  Y 

P  (positron) 

Arsenic  (As73) 

|  90  days 

7 

Arsenic  (As74) 

16  days 

P  (positron),  y 

Gold  (Au198) 

2.7  days 

P,  Y 

Methods  of  Using  Radioactive  Isotopes 

These  substances  can  be  used  for  two  main  purposes,  namely  : 
(1)  Experimental:  to  detect  substances  in  various  tissues  or 
fluids,  and  (2)  Therapeutic  :  to  apply  radiation  to  certain  parts  of 
the  body.  Experimentally  these  substances  have  all  eac  \  hcii 
used  extensively  in  various  types  of  pharmacological ,  researc  . 
The  principle  of  this  use  is  simple.  A  substance  whose  actlo£ 
being  investigated  in  the  body,  or  on  isolated  tissues,  is  marke 
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or  “tagged”  with  a  radioactive  isotope  which  acts  as  a  tracer 
and  can  be  detected  in  the  body  by  the  radiation  which  it  emits. 
Since  the  isotopes  have  exactly  the  same  chemical  properties,  the 
body  is  unable  to  differentiate  between  them  and  therefore  deals 
with  the  radioactive  isotope  in  the  same  way  as  with  the  normal 
naturally  occurring  isotope.  The  method  can  be  so  sensitive 
that,  even  if  the  proportion  of  radioactive  atoms  to  ordinary 
atoms,  whose  course  is  being  followed  through  the  body,  is  one  to 
several  million  the  radioactive  atoms  can  still  be  detected.  The 
sensitivity  is  thus  much  higher  than  that  of 
method.  The  following  example,  widely  quoted, 
this  point.  If  a  glass  full  of  water  in  which  all 
was  radioactive  were  put  into  the  sea,  e.g.  in 
and  allowed  to  mix  with  all  the  water  present 
and  a  glassful  of  water  were  then  taken,  e.g.  in  the  Indian 
Ocean,  this  would  still  contain  many  millions  of  radioactive 
atoms  whose  presence  could  be  detected  by  the  appropriate 


any  chemical 
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the  hydrogen 
the  Channel, 
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methods. 

There  are  certain  limitations  to  the  use  of  this  method.  In  the 
first  place  the  isotope  used  must  have  a  suitable  half  life  :  ii  this 
is  too  short  it  will  have  disintegrated  before  the  experiment  is 
finished.  In  experiments  with  isotopes  of  comparatively  short  life, 
e.g.  radio  sodium,  the  experiment  must  be  started  soon  after  the 
preparation  of  the  material.  On  the  other  hand  the  half  life  must 
not  be  too  long,  otherwise,  in  many  cases,  the  amount  of  activity 
emitted  in  a  reasonable  time  is  too  small  for  measurement  at 
high  dilutions.  It  is  also  important  to  use  these  radioactive 
substances  in  small  amounts  since  the  radiations  themselves 
might  produce  effects  on  the  tissues  and  thus  interfere  with 
the  experiment.  This  is  particularly  so  when  the  investigation 
is  done  in  man  where  the  radiations  may  also  produce  effects 
deleterious  to  health.  Elements  which  have  a  long  half  life 
are  more  likely  to  produce  damage,  particularly  if  they  are 
deposited  in  tissues  ;  radio  strontium,  for  example,  is  deposited 
in  bone  (like  calcium)  and  will,  when  given  to  mice,  cause  the 
development  of  osteosarcoma  at  the  site  of  storage.  Radio 
iodine  too  has  to  be  given  with  great  care  since  a  high  propor¬ 
tion  is  taken  up  by  the  thyroid  gland  and  may  there  produce 

damage.  For  therapeutic  purposes  higher  doses  can,  of  course, 
be  given. 
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Detection  of  Radiation 

The  radio  isotopes  can  be  detected  by  a  variety  of  methods, 
which  all  depend  on  the  fact  that  the  radiations  emitted  by  them 
(a,  j8  and  y)  produce  ionizations.  As  has  been  stated  above,  atoms 
consist  of  a  positively  charged  nucleus  surrounded  by  a  constel¬ 
lation  of  negative  electrons,  the  whole  being  electrically  neutral. 
Radiations,  in  their  passage  through  matter,  eject  electrons  from 
the  atoms  through  which  they  pass.  An  atom  so  ionized  is  left 
positively  charged  and  is  referred  to  as  an  ion.  The  electron  which 
is  ejected  from  an  atom  in  the  process  of  ionization  eventually 
becomes  attached  to  another  atom  and  makes  it  a  negatively 
charged  ion.  Both  the  positively  and  negatively  charged  ions, 
which  are  usually  called  an  ion  pair,  are  equally  significant  in  the 
physical  measurement  of  ionization.  It  is  by  the  production  of 
ionization  that  the  radiations  we  have  considered  produce  all  their 
biological  and  toxic  effects. 

The  main  method  of  measuring  radiation  is  by  the  use  of  Geiger- 
Miiller  counters.  These  have  a  chamber  containing  gaseous  media 


in  which  the  radiation  produces  ionization,  and  the  ionization 
facilitates  the  passage  of  an  electric  current  through  the  chamber. 
By  means  of  a  counting  device  the  number  of  ionizations  which 
occur  in  a  given  time  can  be  counted.  The  book  by  Kamen  (104/) 
should  be  consulted  for  further  details  of  this  and  other  methods 
of  estimating  the  radioactivity  of  different  materials.  The  amount 
of  ionization  which  occurs  in  a  given  space  can  also  be  measured 
by  certain  types  of  electroscopes  :  in  this  method  the  ionization 
gradually  discharges  the  charged  leaf  or  thread  of  the  electroscope. 

The  radiation  emitted  can  be  measured  not  only  in  body  tissues 
and  fluids  but  also  in  the  living  animal  and  in  man,  and  this 
method  has  actually  been  used  for  determining  the  distribution  ot 
certain  substances  in  man,  in  health  and  disease.  The  counter  is 
applied  to  a  particular  part  of  the  body  and  the  radiation  emitted 
from  that  part  of  the  body  is  thereby  determined.  In  most  cases 
it  is  y  radiation  that  is  counted,  since  £  radiation  can  only  pass 
through  a  few  millimetres  of  tissue.  For  example,  the  counter 
can  be  applied  to  the  region  of  the  thyroid  gland  :  radio .odme 
is  then  administered  to  the  patient,  and  as  it  collects  in  the  thyroid 
it  is  measured  by  the  counting  apparatus.  The  rate  at  «h 
iodine  is  taken  up  by  the  thyroid  can  thus  be  determined  both 
the  normal  subject  and  in  abnormalities  of  the  thyroid. 


in 
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For  the  localization  of  radioactive  material  in  tissues  another 
method  is  being  developed  and  is  yielding  very  interesting  results. 
A  section  of  the  material  is  placed  in  close  apposition  to  a  photo 
graphic  plate  and  the  /3-rays  emitted  by  the  material  produce 
development  of  the  photoactive  substance  in  the  plate.  l  ie 
picture  so  obtained,  called  the  autoradiograph,  shows  the  distri¬ 
bution  of  the  radioactive  material  in  the  tissue.  In  some  met  10c  s 
the  section  of  tissue  can  then  be  stained  and  since  sections  and 
photographic  emulsion  remain  in  apposition  they  can  be  observed 
under  the  microscope  and  the  histological  distribution  of  the  radio¬ 
active  substances  can  be  seen.  For  example  Fig.  10  (p.  122)  shows 
the  distribution  of  radioactive  iodine  in  the  thyroid  of  animals  to 
which  iodine  131  had  been  previously  administered.  It  will  be 
seen  that  the  iodine  has  been  taken  up  by  the  thyroid  and  is  now 
localized  in  the  colloid  of  the  gland.  Similar  methods  ha\  e  been 
used  for  localizing  radioactive  phosphorus  (P32)  in  bones,  etc. 
Methods  for  producing  autoradiographs  are  discussed  by  Mac¬ 
Donald  et  al.  (1048). 


Radiation  Hazards 

It  has  been  known  for  a  long  time  that  radiations  produced 
artificially  (X-rays)  or  emitted  from  naturally  occurring  radio¬ 
active  substances,  e.g.  radium,  are  not  only  of  diagnostic  and 
therapeutic  value,  but  can  also  produce  serious  damage  to  the 
body,  as  was  indeed  found  out  by  the  pioneers  with  these  new 
tools.  The  same  effects  can  be  produced  by  artificially  produced 
radioactive  substances  and  as  these  are  being  increasingly  made, 
and  used  for  experimental  and  therapeutic  purposes,  this  is 
becoming  a  matter  of  considerable  importance.  These  radiations 
produce  their  effects  by  ionization  and  much  work  has  recently 
been  done  on  the  mechanism  by  which  ionizing  radiations  act  on 
living  tissues,  and  on  the  changes  which  may  thereby  be  produced. 
The  question  is  discussed  in  the  book  by  Lea  (1946). 

Ionizing  radiations  probably  produce  their  biological  effects 
b\  two  main  primary  mechanisms,  namely  (1)  By  a  direct  action 
on  an  organic  molecule  which  is  a  constituent  of  the  tissues.  It 
is  known  that  when  an  atom  is  ionized,  the  molecule  of  which  it  is 
part  usually  undergoes  chemical  change,  and  this  may  produce  an 
important  effect  on  the  tissue  of  which  this  molecule  forms  a  part. 
For  example,  an  ionization  occurring  in  the  nucleus  of  a  cell  may 
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produce  a  chemical  change  in  a  molecule  which  forms  part  of  the 
structure  of  a  chromosome  and  this  may  lead  to  the  breaking  of 
this  chromosome  and  hence  possibly  to  a  genetic  effect.  (2)  The 
radiation  may  produce  ionization  of  water,  leading  to  the  produc¬ 
tion  of  hydrogen  and  hydroxyl  radicles.  It  is  thought  that  the 
hydroxyl  radicle  is  the  more  reactive  of  the  two  and  may  act  on 
other  molecules  producing  changes  in  them. 

Whatever  the  primary  mechanism  of  their  action  it  is  clear  that 
ionizing  radiations  can  destroy  enzymes.  This  can  be  demonstrated 
not  only  in  vitro ,  where  radiations  are  highly  effective  in  destroying 
enzymes,  provided  these  are  present  in  the  solution  in  a  high  di¬ 
lution,  but  also  in  vivo.  It  has  thus  been  found  that  comparatively 
small  doses  of  radiation  will  affect  certain  enzymatic  processes  in 
the  living  animal.  For  example,  a  dose  of  500r.  will  produce  a 
definite  effect  on  glycolysis.  There  can  be  no  doubt  that  these 
effects  on  enzymes  must  be  an  important  factor  in  the  action  of 
radiations  on  living  tissues. 

Radiations  can  also  destroy  other  large  protein  molecules, 
notably  viruses.  This  includes  crystalline  viruses,  such  as  tobacco 
necrotic  virus,  which  are  nucleoproteins  and  are  responsible  for 
various  diseases  in  plants,  and  also  viruses  responsible  for  disease 
in  animals,  e.g.  vaccinia  virus.  These  effects  are  of  great  interest 
since  nucleoproteins  are  constituents  of  living  cells  and  the  eluo- 
mosome  threads  which  control  the  genetic  constitution  of  the  cell 
are  made  up  of  nucleoproteins.  Indeed  the  genes  which  are  located 
on  the  chromosomes  have  properties  very  similar  to  viruses,  since 
both  are  capable  of  producing  replicas  of  themselves  from  the 
material  in  the  surrounding  medium,  the  genes  doing  this  in  the 
process  of  mitosis,  and  the  viruses  during  their  reproduction  in  an 
organism  which  they  have  infected.  The  view  has  indeed  been 
expressed  that  viruses  are  “naked’  genes. 


Actions  of  Radiations  on  the  Nucleus 

Radiations  produce  a  number  of  actions  on  the  nucleus,  some 
of  which  must  be  exerted  on  the  chromosomes  and  genes  while 
others  may  affect  other  constituents  of  the  nucleus.  Thus  radiation 
will  delay  cell  division,  especially  when  applied  just  before  the 
beginning  of  division,  i.e.  just  before  the  beginning  of  Prophase 
Unless  a  lethal  action  has  been  produced  the  cell  gradually  reco 
from  this  effect  of  radiation.  This  effect  may  well  be  due  to  a 
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destruction  of  some  enzyme  constituents  of  the  nucleus  necessary 
for  the  division  of  the  cell,  and  the  period  of  recovery  may  represen 
the  time  needed  for  the  enzymes  to  be  formed  again. 

Several  kinds  of  structural  changes  in  the  chromosomes  can 
be  produced  by  radiations.  Usually  breaks  in  the  chromosomes 
occur  at  an  early  stage,  and  there  is  much  evidence  that  a  single 
ionization,  occurring  in,  or  in  the  immediate  vicinity  of  a  chromo¬ 
some  is  responsible  for  the  ensuing  break.  If  the  effect  ol  radiation 
is  very  marked  the  cell  will  die,  but  with  small  doses  the 
chromosomes  will  unite  again,  either  restoring  the  normal  pattern, 
or  producing  abnormal  patterns  resulting  from  the  joining  to¬ 
gether  in  various  fashions  of  the  several  broken  ends  present  in  a 
nucleus  in  which  two  or  more  chromosome  breaks  have  occurred. 

Radiations  may  also  produce  gene  mutations  of  the  same  type 
as  have  already  been  described  in  the  chapter  on  mutagenic 
substances.  It  is  not  known  to  what  extent  such  effet  ts  may  occur 
in  man  and  affect  subsequent  generations,  but  the  experimental 
evidence  suggests  that  they  represent  a  definite  danger.  The 
question  has  been  discussed  recently  (see  report  of  Conference  held 
at  the  British  Institute  of  Radiology,  1947). 

In  addition  radiation  can  induce  lethal  effects  in  the  nucleus 
which  are  only  seen  in  the  offspring.  These  are  not  mutations  and 
are  called  dominant  lethals.  Thus  when  sperms  are  irradiated  a 
proportion  of  the  eggs  fertilized  by  the  sperm  fail  to  reach  the 
adult  stage,  due  to  the  induction  of  dominant  lethality  in  the 
irradiated  sperm. 


Effects  of  Radiations  in  Man 

The  actual  signs  and  symptoms  of  deleterious  actions  produced 
by  radio  isotopes  are  the  same  as  those  which  may  follow  the 
application  of  radiation  by  means  of  X-rays  or  radium.  And  these 
changes,  which  affect  the  lucmopoetic  system,  the  gonads,  the 
general  health,  and  may  result  in  local  effects  such  as  burns  and 
in  the  development  of  malignant  disease,  have  been  extensively 
investigated  and  discussed.  The  effects  produced  with  isotopes 
will  of  course  depend  on  their  distribution  and  localization  in  the 
body,  storage  and  rate  of  elimination.  As  with  X-rays,  the 
repeated  application  of  small  doses  is  particularly  fraught  with 
danger  and  may  lead  to  the  development  of  sterility,  of  serious 
blood  changes,  and  to  malignant  disease.  Recent  experimental 
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work,  done  to  some  extent  as  a  result  of  the  development  of 
atomic  projects,  has  indeed  suggested  that  the  doses  capable  of 
producing  deleterious  effects  when  applied  over  long  periods  are 
smaller  than  was  previously  thought.  The  upper  tolerance  limit 
may  be  as  low  as  O.Olr.  per  day  (see  Howarth,  1948,  for  a  short 
review  of  literature  on  radiation  hazards),  though  it  is  not  known 
whether  some  of  the  effects  produced  by  such  low  doses  are  in 
actual  fact  deleterious  to  the  body.  The  carefully  recorded  data 
of  Dickie  and  Hempelmann  (1947)  on  the  morphological  changes 
found  in  the  lymphocytes  of  persons  exposed  to  low  doses  of 
ionizing  radiation  are  interesting  in  this  connection.  There  is,  it 
must  be  emphasized,  no  lower  limit  to  the  dose  capable  of  pro¬ 
ducing  mutagenic  effects,  since  the  effects  of  radiations  on  the 
genic  material  are  additive. 

Isotopes  which  become  localized  in  a  particular  part  of  the  body 
are  particularly  dangerous,  especially  if  they  have  a  long  half  life, 
since  even  with  very  small  quantities  a  marked  and  prolonged 
effect  is  produced  in  their  immediate  vicinity,  'this  is  seen  experi¬ 
mentally  with  radium  and  also  with  strontium  89  (half  life  =  55 
days)  which,  like  radium,  tends  to  be  concentrated  in  the  bones 
where  it  frequently  leads  to  the  development  of  osteosarcomata. 
Similarly  the  subcutaneous  injection  of  as  little  as  1  fig.  of  plu¬ 
tonium  may  cause  the  production  of  a  fibrosarcoma  at  the  site  of 
injection  (Brues  et  al. ,  1947). 


Applications  of  Radio  Isotopes 

Some  of  these,  experimental  and  therapeutic,  are  dealt  with  m 
other  chapters,  e.g.  the  use  of  radio  iodine  in  Chap.  6  on  the 
thyroid  and  that  of  radio  iron  in  Chap.  13  on  the  blood.  A  number 
of  other  uses  will  be  described,  not  in  an  attempt  to  cover  the 
subject  exhaustively,  but  merely  to  illustrate  the  various  ways 
in  which  these  new  substances  have  proved  of  value  in  various 
types  of  pharmacological  investigations  and  in  therapy. 


The  Biological  Synthesis  of  Adrenaline 

There  is  indirect  evidence  that  phenyl  alanine  may  be  converted 
to  adrenaline  by  surviving  slices  of  adrenal  medulla  (Devine  J«) 
but  there  is  no  direct  evidence  that  such  a  change  can  occur  in  the 
body  By  the  use  of  radioactive  elements  this  conversion  has  been 
demonstrated  experimentally  in  rats  (Gunn  and  Delluva,  1947). 


359 


adrenaline 


that  the  phenyl  alanine  had  been  converted  to  adrenaline. 


Phenyl  Alanine 


Adrenaline 


OH 


< 


> 


OH 


Adrenaline 


Formic  Acid 
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The  location  of  the  radioactive  carbon  in  the  adrenaline  was 
confirmed  by  oxidizing  the  substance  with  periodic  acid  and 
obtaining  formic  acid  containing  practically  all  the  radioacti\  ity. 
Similar  results  were  also  obtained  when  the  phenyl  alanine  was 
labelled  with  tritium  (H3). 

It  is  obvious  that  similar  methods  could  be  used  to  study  the 
fate  of  adrenaline  and  other  amines  in  the  body. 

The  Formation  of  Antibody  and  its  Relation  to  Antigen 

There  is  evidence  that  the  reticulo-endothelial  system  is  con¬ 
cerned  in  the  formation  of  antibody  and  this  has  now  received 
support  from  experiments  involving  the  use  of  radioactive 
phosphorus  (Libby  and  Madison,  1947).  A  pure  protein  antigen 
was  obtained  by  using  tobacco  mosaic  virus,  which  can  be  crystal¬ 
lized  and  into  which  the  radioactive  substance  was  incorporated 
by  the  ingenious  method  devised  by  Born  et  al.  (1941)  and  by 
Stanley  (1942)  :  the  tobacco  plants  are  inoculated  with  the  virus 
and  grown  in  bottles  in  a  nutrient  solution  containing  sodium 
hydrogen  phosphate  in  which  radioactive  phosphorus  has  been 
incorporated  (Na2HP*04).  The  level  of  radioactivity  in  the 
nutrient  solution  is  maintained  by  fresh  Na2lIP*04  for  30  days 
during  which  the  plants  are  allowed  to  grow,  and  the  radio  phos¬ 
phorus  is  thus  incorporated  in  the  nucleic  acid  part  of  the 
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nucleoprotein.  I  he  plants  are  then  extracted  for  tobacco  mosaic 
virus.  The  virus  is  recrystallized  several  times  and  evidence  that 
the  radioactivity  is  associated  with  the  virus  molecule  is  afforded 
by  the  finding  that  the  specific  activity  remains  constant  during 
repeated  crystallizations. 

The  same  principle  has  been  used  to  incorporate  radio  active 
carbon  14  into  drugs  derived  from  plants.  So  far  digitalis  purpurea 
and  nicotiana  rustica  have  been  used.  They  have  been  grown  in  an 
atmosphere  containing  radioactive  carbon  dioxide.  Pure  digitoxin 


distribution  of  the.  *AD'0*cTivrrY  PER  mouse  in  the.  uver 
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Showing  the  relation 
tobacco  mosaic  virus) 


Fig.  43 

between  the  presence  of  antigen  (radioactive 
in  the  liver  of  the  mouse,  and  the  formation  of 
antibody. 


(After  Libby  and  Madison,  1947.) 
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and  nicotine  respectively  were  then  extracted  from  the  plants  and 
found  to  be  radioactive,  evidently  due  to  the  incorporation  of  the 
radioactive  carbon,  first  into  the  plant  and  then  into  the  mig 
produced  by  the  plant.  Similar  experiments  are  being  performed 
with  digitalis  lanata,  papaver  somniferum  and  atropa  belladonna 
(Geiling  et  al,  1948).  Such  drugs  should  prove  very  interesting 

for  pharmacological  investigations. 

The  radioactive  tobacco  mosaic  virus  containing  radioactive 
phosphorus  was  injected  intravenously  into  mice,  and  its  distri¬ 
bution  determined  both  by  taking  radioautographs  of  sagittal 
sections  of  the  animals,  and  by  determining  the  specific  activity 
of  weighed  samples  of  various  organs  which  had  been  dried  and 
incinerated.  It  was  found  24  hours  after  the  injection  that  about 
2/3rd  of  the  material  was  located  in  the  liver  and  about  3  per  cent 
in  the  spleen.  If  sodium  phosphate  (N2HP*04)  is  injected  into 
mice,  the  activity  is  fairly  uniformly  distributed  throughout  the 
animal,  confirming  that  it  is  the  tobacco  mosaic  virus,  anti  not 
radio  phosphorus,  which  is  specifically  taken  up  by  the  liver. 
Some  14  days  after  the  injection  of  the  radioactive  tobacco  mosaic 
virus  most  of  the  activity  in  the  liver  and  spleen  had  disappeared, 
and  the  authors  calculate  that  the  half  life  of  the  injected  virus 
is  about  two  days.  Antibody  formation  to  the  injected  antigen 
was  also  determined.  It  reached  its  maximum  at  the  6th  to  7th 
day  after  injection,  and  then  gradually  decreased.  These  results 
suggest  that  the  liver  plays  a  major  role  in  the  removal,  destruction 
and  elimination  of  the  foreign  protein  virus,  and  also  in  the  produc¬ 
tion  of  specific  antibody.  The  relation  between  the  disappearance 
of  the  tobacco  mosaic  virus  from  the  body  and  the  decrease  in 
circulating  antibody  may  indicate  that  antibody  formation  occurs 
only  when  antigen  is  present  to  stimulate  it.  The  further  investiga¬ 
tions  which  these  authors  arc  undertaking  ought  to  yield  very 
interesting  results. 


Some  Uses  of  Radio  Sodium 

Radio  sodium  has  been  used  in  a  number  of  investigations, 
some  of  which  arc  reviewed  by  Quimby  (1947),  while  its  use  in 
the  study  of  heart  failure  is  discussed  in  the  Lancet  (1948).  This 
element  is  particularly  suitable  for  introduction  into  the  human 
body  since  it  has  the  short  half  life  of  14.8  hours. 

I  he  Mechanism,  of  Shock.  Sodium,  like  thiocyanate,  is  dis- 
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tributed  throughout  the  extracellular  fluids  of  the  body,  i.e. 
throughout  the  plasma  and  lymph  spaces,  and  studies  with  radio 
sodium  have  shown  that  this  represents  about  21  per  cent  of  the 
body  weight.  There  is  evidence  that  in  shock  caused  by  burns 
or  trauma,  a  redistribution  of  the  sodium  and  potassium  in  the 
body  occurs  :  presumably  the  barrier  between  the  extracellular 
and  intracellular  fluids  is  affected  and  the  sodium  can  to  some 
extent  penetrate  into  the  intracellular  fluid.  If  this  is  true  it  is 
important  clinically  from  the  point  of  view  of  treatment.  To 
investigate  whether  this  occurs,  Fox  and  Keston  (1945)  performed 
experiments  with  radio  sodium  on  mice.  Shock  was  induced  by 
inflicting  standard  burns,  or  by  applying  a  tourniquet  to  both 
limbs,  and  radio  sodium  was  then  injected  ;  it  was  found  that 
the  damaged  tissues  (skin  and  muscle),  which  normally  contain 
little  sodium,  took  up  a  large  amount  of  the  administered  radio 
sodium.  This  shows  that  concentration  of  sodium  occurs  in  the 


damaged  parts  of  the  body,  thus  depleting  the  rest  of  the  body 
of  this  element,  and  this  may  be  an  important  factor  in  the 
mechanism  of  shock.  If  this  is  true,  then  the  administration  of 
sodium  to  such  animals  in  a  condition  of  shock  should  be  of 
therapeutic  value,  and  it  was  indeed  found  that  burned  animals 
treated  by  intraperitoneal  injection  of  normal  saline  recovered, 
while  similarly  burned  untreated  animals  died. 

The  Investigation  of  Peripheral  Vascular  Disease.  In  certain 
conditions  it  is  desirable  to  know  what  the  blood  supply  to  a  limb 
is  whether  it  is  reasonably  normal,  greater  than  normal,  or  severely 
restricted  by  the  disease.  Smith  and  Quimby  (1945)  have 
attempted  to  do  this  in  the  following  manner:  they  inject  a 
standard  amount  (100  fx c.)  of  radio  sodium  into  their  subjects  and 
then  take  counts  from  the  sole  of  the  foot.  The  counter,  enclosed 
in  a  lead  container  which  acts  as  a  shield,  is  strapped  to  the  sole 
of  the  foot.  The  lead  shield  has  a  window  in  it  which  allows  the 
radiation  from  the  foot  to  reach  the  counter,  which  then  records 
essentially  the  amount  of  radio  sodium  present  in  a  limited  part 
f  the  foot  Following  the  intravenous  injection  of  the  materia  , 
H  reaches  the  blood  vessels  in  the  foot  and  then  gradually  diffuses 
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in  the  counting  rate,  of  radio  sodium  in  the  foot.  According  to  the 
authors  the  curve  obtained  gives  an  indication  of  the  vascular 
supply  to  the  limb.  In  normal  cases  these  curves  fall  within  a 
narrow  range.  Low  curves,  corresponding  to  a  slow  rate  of  diffusion 
of  the  material  into  the  foot,  are  obtained  in  conditions  where  the 
blood  supply  is  decreased,  e.g.  arterial  obstruction,  arteriosclerosis, 
vascular  degeneration.  High  curves  are  found  in  patients  where 
the  blood  supply  is  increased,  as  for  example  in  inflammation  or 
where  the  blood  vessels  are  relaxed  by  sympathectomy,  nerve 
block,  or  for  other  reasons.  The  results  should  be  of  prognostic 
value  and  help  in  deciding  on  the  therapeutic  measures  required. 

The  authors  are  at  present  studying  the  effect  of  drugs  and  of 
physical  therapy  on  patients  with  peripheral  vascular  disease. 
Their  preliminary  results  show  that  histamine,  given  by  ionto¬ 
phoresis  or  by  intra-arterial  injection,  brings  about  a  rise  in  the 
rate  of  diffusion  of  radio  sodium  (Mufson  et  al.,  1948). 

There  must  be  a  number  of  factors,  apart  from  the  condition 
of  the  blood  vessels,  which  control  the  rate  at  which  the  sodium 
is  built  up  in  the  tissues  and  these  obviously  require  further 
investigation.  It  is  indeed  remarkable  and  very  satisfactory  that 
with  such  a  number  of  variables,  and  with  this  rather  empirical 
procedure,  the  build  up  curves  in  normal  subjects  fall  within  such 
a  narrow  range. 

The  Rate  of  Flow  of  Venous  Blood  in  the  Legs.  Venous  throm¬ 
bosis  is  influenced  by  three  main  factors — changes  in  the 
constitution  of  the  blood,  damage  to  the  blood  vessels,  and  dis¬ 
turbances  of  the  circulation.  The  first  two  factors  have  been 
extensively  investigated,  and  the  use  of  anticoagulants  in  this 
connection  is  discussed  in  Chap.  14.  There  is,  however,  little 
direct  evidence  on  the  role  of  the  circulation.  The  introduction 
ol  radioactive  tracers  has  now  made  possible  the  direct  measure¬ 
ment  of  the  rate  of  blood-flow  in  a  limb  by  introducing  such  a 
tracer  at  one  point  and  determining  its  arrival  at  some  other  point 
with  a  suitably  placed  counter  sensitive  to  the  type  of  radiation 
emitted.  Wright  and  her  co-workers  (1948)  have  used  radio 
sodium  for  this  purpose.  A  y-ray  counter,  so  shielded  by  lead  as 
only  to  record  rays  coming  from  vertically  below',  is  placed  over 
the  groin.  Ihe  solution  of  radio  sodium  (as  sodium  chloride)  is 
injected  into  a  vein  on  the  dorsum  of  the  foot  as  rapidly  as  possible, 
and  its  arrival  in  the  region  of  the  groin  is  recorded  by  the  counter, 
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which  indicates  an  increase  in  the  counting  rate  above  the  back¬ 
ground.  The  time  of  arrival  is  usually  quite  clear  cut ;  and  from  a 
knowledge  of  the  time  of  injection,  the  time  of  arrival  at  the  groin 
and  the  length  of  the  leg,  the  average  rate  of  flow  can  be  calculated. 
The  average  time  found  for  normal  subjects  was  18 ±0.9  sec.,  the 
observations  ranging  from  4  to  50  seconds.  Technical  details  of 
the  method  used  are  described  by  Osborn  and  Wright  (1949). 

During  pregnancy  the  rate  of  venous  blood  flow  in  the  leg  is 
progressively  slowed  ;  enlargement  of  the  foetal  head  increases  the 
slowing  and  a  still  further  retardation  occurs  in  labour  (Wright, 
personal  communication).  In  the  puerperium  the  venous  flow 
rapidly  returns  to  normal.  The  relation  of  some  of  these  findings 
to  the  occurrence  of  venous  thrombosis  is  discussed  by  Wright 
et  al.  (1949). 

The  Assay  of  Deoxycortone.  A  number  of  methods  are  in  use  for 
the  assay  of  adrenal  cortical  steroids  but  none  of  them  are  either 
accurate  or  particularly  sensitive.  By  the  use  of  radio  sodium, 
Dorfman  et  al.  (1947)  have  elaborated  a  method  which  allows  of  the 
estimation  of  as  little  as  1  /xg.  of  deoxycortone.  With  methods 
depending  on  the  measurement  of  ordinary  sodium  retention,  the 
least  amount  of  deoxycortone  acetate  which  can  be  detected  in 
dogs  is  of  the  order  of  700  /tg.  Dorfman  and  his  co-workers  per¬ 
formed  their  experiments  on  adrenalectomized  rats,  which  lose 
sodium  from  the  body.  Administration  of  cortical  steroids  causes  a 
retention  of  sodium.  The  steroid  to  be  tested  is  given  to  adrenalec¬ 
tomized  rats,  which  are  then  injected  one  hour  later  with  the 
radio  sodium,  given  as  sodium  chloride.  The  animals  are  then 
placed  in  a  metabolism  chamber  and  the  urine  collected  for  4-6 
hours.  An  appreciable  retention  of  sodium  is  produced  by  very 
small  amounts  of  deoxycortone,  but  further  work  is  required  on 
the  quantitative  significance  of  the  results,  and  on  the  ellects  o 
other  adrenal  cortical  steroids. 

Dorfman  (1949)  has  also  described  a  method  for  the  assay  ot 
deoxycortone  which  depends  on  the  use  ot  radio  potassium  in  t  ic 
adrenalectomized  male  rat ;  as  little  as  10  /xg.  of  deoxycortone  can 

be  detected. 


The  Localization  of  Brain  Tumours  ,  ,  • 

Moore  (1948)  has  used  radio-iodine  in  the  localization 
tumours.  lie  had  found  previously  that  such  tumours  concentrate 
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the  dve  fluorescein,  and  also  found,  in  experiments  on  mice 
t  ,t  ddodofluorescein  is  similarly  concentrated  by  experimentally 
induced°brain  tumours,  which  contain  up  to  ~ 

ms  the  surrounding  brain  tissue.  Iodine  131,  which  emits  y 
radiation  and  can  therefore  be  detected  from  the  outside,  was 
incorporated  to  make  diiodofluorescein  and  injected  intravenously 
r  patients  suspected  of  having  brain  tumours  m  amounts 
calculated  to  contain  500-600  /xc.  of  radioactivity  After  2  4 
hours  the  dye  is  taken  up  by  the  tumour,  if  present,  and  counts 
are  taken  over  various  parts  of  the  skull.  The  highest  counts,  due, 
of  course,  to  the  y  radiation,  are  found  over  the  area  of  the  tumour 
The  preliminary  results  suggest  that  this  method  may  pro\e  o 
value  in  the  diagnosis  and  localization  of  intracranial  tumours. 

It  has  been  found  that  when  inorganic  phosphate  containing 
radioactive  phosphorus  (P22)  >s  administered  to  patients  with 
brain  tumours,  and  biopsy  material  then  taken,  the  radioactivity 
is  higher  in  the  tumour  than  in  the  normal  brain  tissue.  Chemical 
fractionation  also  showed  a  small  but  significant  concentration  of 
the  phosphorus  in  the  nueleoprotein  of  both  cytoplasm  and 
nucleus.  This  method  is  being  used  for  the  accurate  localization 
of  brain  tumours  but  the  investigation  is  still  in  its  preliminary 
stages  (Selverstone  et  al.,  1949  ;  Erickson  et  al.,  1949). 


The  Penetration  of  Drugs  into  Cells 

Much  work  has  been  done  on  the  distribution  of  drugs  in  various 
parts  of  the  body,  but  there  is  little  information  about  the 
penetration  and  distribution  of  drugs  in  cells,  although  this  is 
probably  of  great  importance  in  understanding  their  mechanism 
of  action.  One  of  the  difficulties  has  been  the  small  amounts  of 
material  which  have  to  be  identified  and  located,  and  it  is  possible 
that  the  radio  isotope  technique,  so  delicate  and  selective,  may  lead 
to  progress  in  this  field.  Drugs  can  be  tagged  by  means  of  a  suitable 
isotope  and  their  fate  followed  by  counter  methods.  Even  radio- 
autography  may  ultimately  be  used  although,  at  present,  the 
limits  of  resolution  with  this  method  are  scarcely  sufficient  to 
allow  of  the  localization  of  drugs  in  cells. 

One  type  of  approach  to  the  problem  which  may  prove  successful 
with  drugs  is  best  illustrated  by  reference  to  the  work  of  Marshak 
(1941)  on  the  uptake  of  phosphorus  and  its  incorporation  into 
various  parts  of  normal  and  tumour  cells.  The  phosphorus  was 
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administered  as  radioactive  P32  incorporated  in  Na2HP*04,  of 
which  a  solution  was  injected  intravenously  into  rats  and  mice 
I  he  mice  had  lymphomata  and  the  rats  sarcomata.  At  intervals 
alter  the  injection  tissues  were  removed,  freed  from  blood,  and 
the  nuclei  and  cytoplasm  of  the  cells  separated  by  a  special 
procedure  involving  treatment  with  citric  acid.  The  nuclear 
mateiial  was  further  fractionated  by  various  chemical  methods 
in  oidei  to  determine  into  which  constituents  the  radio  phosphorus 
was  incorporated  ;  the  nucleoproteins  were,  of  course,  of  particular 
interest.  It  was  found  that  phosphorus  is  rapidly  taken  up  by  cell 
nuclei  and  that  the  nuclei  of  tumour  cells  accumulate  more  than 
those  of  normal  cells.  This  is  merely  due  to  mitotic  activity  and 
not  to  a  form  of  metabolism  peculiar  to  tumour  cells.  A  large 
percentage  of  the  nuclear  phosphorus  is  present  in  the  nucleo¬ 
proteins,  up  to  90-95  per  cent  in  the  case  of  lymphoma  nuclei. 
There  are  a  number  of  other  interesting  observations,  e.g.  that 
synthesis  of  nucleoprotein  occurs  even  in  nuclei  of  cells  which  are 
not  undergoing  mitosis,  but  the  original  paper  should  be  consulted 
by  those  who  are  specially  interested. 


REFERENCES 


Bohn,  II.  J.,  Lang,  A.,  Schramm,  G.,  and  Zimmer,  K.  G.  (1941). 
Naturwissenschaften,  29.  222. 

Boxer,  G.  E.,  Jelinek,  V.  C.,  Tompsett,  R.,  DuBois,  R.,  and  Edison, 
A.  O.  (1948).  J.  Pharmacol..  92.  226. 

♦Bracket,  J.  (1947).  “Embrvologie  Chimique.”  Masson  and  Co., 
Paris. 

Brues,  A.  M.,  Lisco,  II.,  and  Finkel,  M.  P.  (1947).  Cancer  Res.,  7, 


48. 

Caspersson,  T.  (See  J.  Brachet,  1947,  “Embrvologie  Chimique.” 
Masson  and  Co.,  Paris). 

Claesson,  L.,  and  Hillarp,  N.  A.  (1947).  Acta  physiol,  scand.,  13, 
115. 

Claesson,  L.,  and  Hillarp,  N.  A.  (1947).  Acta  physiol.,  scand.,  14, 


102.  ,  ,  .  . 
Clark,  A.  J.  (1937).  Ilandbuch  der  Experimentellen  Pharmakologie,  4, 

pt  22. 

Conference  on  Certain  Aspects  of  the  Action  of  Radiation  on  Living 
Cells  (1947).  Brit.  J.  Radiol.  Suppl.  I,  p.  99. 

Devine,  J.  (1940).  Biochem.  J.,  34,21. 

Dickie,  A.,  and  Hempelmann,  L.  II.  (1947).  J.  Lab.  elm.  Med.,  32, 
Dorfman,  R.  I.  (1949).  Proc.  Soc.  exp.  Biol.,  N.Y.,  70,  732. 


367 


references 

Dorfman,  R.  I.,  POTTS,  A.  BL.  and  Fe.e,  M.  L.  (1947).  Endocrinology , 

EnicKSON/r.  C.,  Lakson,  F.,  and  Gordon,  E.  S.  (1949).  J.  Lab.  chn. 

Med.,  34,  587.  ,in4r,  Vnra  Gunec.  Obstet.,  80,561. 

G™SoLE.‘m.  K'^Kni’si'y,  F.  E„  McIntosh,  B.  J.,  and  Ganz,  A. 

(1939).  Biochem.  J.. 

Hei  lander?^  (1943).  Acta  physiol,  scand.,  10,  Suppl.  XXIV. 

Tracers  in  Biology,”  Academic 

Press,  New  York. 

Kah.  A.  B.  (1947).  Anat.  Rec.,  99,  177. 

Koelle,  G.  B.,  and  Friedenwald,  J.  S.  (1949).  Proc.Soc.  exp.  Biol . 

*KoLraoFF,70I. ‘'m.'.  and  Lingane,^  J.  J.  (1946).  “Polarography.” 

Interscience  Publishers,  New  \  ork. 

Lancet  (1948),  i,  527.  .  .  „  ,  .  , 

*Lea,  U.  E.  (1946).  “Actions  of  radiations  on  living  cells,  t  amoriage 

University  Press. 

Libby,  R.  L.,  and  Madison,  C.  R.  (1947).  J.  Immunol.,  55,  15. 
MacDonald,  A.  M.,  Cobb,  J.,  and  Solomon,  A.  K.  (1948).  Science, 
107,  550. 

Marshak,  A.  (1941).  J.  gen.  Physiol.,  25,  275. 

Moore,  G.  E.  (1948).  Science,  107,  569. 

Mufson,  I.,  Quimby,  E.  H.,  and  Smith,  B.  C.  (1948).  Amer.  J.  JSIed., 
4,  73. 

Osborn,  S.  B.,  and  Wright,  H.  P.  (1949).  Brit.  J.  Radiol.,  22,  110. 
Quimby,  E.  II.  (1947).  Amer.  J.  Roentgenol.,  58,  741. 

Riches,  E.  L.,  Brink,  N.  G.,  Konuiszy,  F.  R.,  Wood,  T.  R.,  and 
Folkers,  Iv.  (1948).  Science,  107,  396. 

Selverstone,  B.,  Solomon,  A.  Iv.,  and  Sweet,  W.  H.  (1949).  J. 
Amer.  vied.  Ass.,  140,  277. 

Smith,  B.  C.,  and  Quimby,  E.  H.  (1945).  Radiology,  45,  335. 

Stanley,  W.  M.  (1942).  J.  gen.  Physiol.,  25,  881. 

Wislocki,  G.  B.,  and  Bennett,  H.  S.  (1943).  Amer.  J.  Anat.,  73,  335. 
Wright,  H.  P.,  Osborn,  S.  B.,  and  Edmonds,  I).  G.  (1948).  Lancet, 
ii,  767. 

Wright,  H.  P.,  Osborn,  S.  B.,  and  Edmonds,  D.  G.  (1949).  J. 
Obstet.  Gynaec.,  56,  35. 


CHAPTER  17 


EVALUATION  OF 

THE  ACTIONS  OF  DRUGS  IN  MAN 

In  this  chapter  it  is  proposed  to  discuss  the  problems  which 
arise  in  the  course  of  therapeutic  trials  in  patients,  and  to  describe 
some  of  the  statistical  and  other  procedures  required  for  evaluating 
the  actions  of  the  drugs  used. 

It  is  of  course  common  knowledge  that  the  actions  of  drugs  in 
man  may  differ  from  those  in  animals,  not  a  surprising  occurrence 
when  one  takes  account  of  the  considerable  variations  in  response 
to  drugs  which  may  exist  among  different  species  of  experimental 
animals.  In  some  instances  it  is  possible  to  obtain  valuable 
information  by  studies  of  drug  action  on  normal  persons.  A 
number  of  such  examples  have  already  been  mentioned  in  other 
chapters,  for  example,  the  effects  of  analgesics  on  pain  threshold, 
the  actions  of  anti-histamine  drugs  on  histamine  wheals  and  flares 
in  normal  skin,  and  the  production  of  skeletal  muscular  paralysis 
by  curare-like  drugs.  This  type  of  investigation  is  useful  not  only 
to  reveal  the  probable  therapeutic  value  of  drugs,  but  also  to  give 
a  preliminary  idea  of  their  side-effects.  However,  there  are  many 
pathological  states  in  which  drugs  are  effective  through  actions 
which  cannot  be  studied  in  normal  man.  For  example,  the  actions 
of  digitalis  preparations  in  normal  subjects  give  no  hint  of  their 
effectiveness  in  congestive  heart  failure ;  the  assay  of  li\  ei 
preparations  by  the  reticulocyte  response  can  only  be  measuied  in 
patients  with  pernicious  anaemia,  and  the  effectiveness  of  chemo¬ 
therapeutic  remedies  in  man  can  only  be  studied  in  the  presence 
of  the  appropriate  infections.  In  all  these  instances  accurate 
observations  are  required  in  patients  to  determine  the  therapeutic 
value  of  the  drug  under  investigation. 

Therapeutic  Trials  in  Man 

The  actions  of  drugs  on  the  course  of  human  disease  are  of  such 
importance  as  to  justify  a  full  discussion  of  the  methods  by  which 
they  may  be  studied.  The  problem  concerns  not  only  the  evalua- 

308 


369 


therapeutic  trials 

tion  of  new  drugs  but  also  a  proper  estimate  of  the  value  ol  drugs 
wSch  have  long  been  used.  The  aim  of  drug  therapy  *  simply 
enough  to  exert  a  favourable  influence  on  the  course  of  disease, 
but  it  is  at  once  obvious  that  some  drugs  fulfil  this  purpose  much 
more  effectivelv  than  others.  For  example  bacterial  chemo¬ 
therapeutic  agents  such  as  the  sulphonamides  and  penicillin, 
which  act  by  virtue  of  a  highly  selective  action  on  the  causative 
agents  in  certain  infections,  produce  what  may  be  correctly 
termed  a  cure,  whereas  in  many  other  instances,  e.g.  the  use  o 
analgesics  to  relieve  pain,  or  the  administration  ot  digitalis  to 
treat  heart  failure,  the  action  is  either  symptomatic  or  palliative, 
with  little  or  no  influence  on  the  course  of  the  underlying  patho¬ 
logical  change. 


Drugs  and  the  Natural  Course  of  Disease 

Whatever  the  technique  of  assessment  of  drug  action,  it  is 
always  essential  to  consider  the  background  against  which  the 
therapeutic  effect  is  to  be  measured.  We  must  know  therefore 
the  natural  course  of  the  disease,  either  when  untreated  or  when 
treated  by  previous  methods.  Now  the  course  of  some  diseases 
is  very  brief  and  fairly  consistent,  whereas  in  other  diseases 
it  is  slow  and  sometimes  intermittent.  Thus  on  the  one  hand,  in 
pneumococcal  pneumonia,  streptococcal  septicaemia  or  meningo¬ 
coccal  meningitis,  we  are  dealing  with  conditions  which  run  a 
speedy  and  fairly  regular  course,  and,  whatever  the  effect  of 
treatment  may  be,  the  end  result  can  be  rapidly  and  surely 
measured.  On  the  other  hand,  in  slowly  progressive  diseases  like 
disseminated  sclerosis  and  Hodgkin’s  disease,  not  only  is  the  time 
scale  greatly  enlarged,  but  natural  remissions,  or  at  least  halts  in 
the  progress  of  the  disease,  may  complicate  the  evaluation  of 
treatment.  Many  mistakes  in  therapeutic  assessment  have  arisen 
from  failure  to  take  account  of  such  points. 

Effect  on  Mortality  Rate.  In  diseases  which  have  a  high  natural 
mortality  rate  the  simplest  measure  of  therapeutic  success  is  of 
course  a  reduction  of  this  rate.  One  of  the  most  striking  instances 
of  such  an  effect  is  the  case  of  subacute  bacterial  endocarditis  in 
which  the  untreated  mortality  rate  of  close  on  100  per  cent  has  been 
reduced  by  penicillin  to  somewhere  about  25  per  cent  in  all  cases, 
and  to  about  10  per  cent  mortality  from  the  infection  per  se. 
Similarly  the  effect  of  streptomycin  in  tuberculous  meningitis  has 
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been  to  reduce  a  100  per  cent  mortality  rate  to  about  65  per  cent. 
Pjven  in  chronic  diseases  like  pernicious  anaemia,  with  its  remissions, 
the  reduction  in  mortality  rate  by  liver  therapy  is  one  of  the  sim¬ 
plest  measures  of  success  ;  indeed  in  this  case  the  most  striking 
testimony  to  the  value  of  treatment  is  the  fact  that  the  patients 
usually  die  from  some  other  disease  ! 

Other  Measures  of  Drug  Action.  However,  in  diseases  with  an 
extremely  low  mortality  rate  (and  even  in  those  with  a  high  mor¬ 
tality  rate),  other  measures  of  drug  influence  are  available.  In  the 
case  of  the  infections  already  mentioned,  the  rapid  reduction  of 
body  temperature,  the  disappearance  of  symptoms  and  signs,  and 
the  obvious  shortening  of  the  course  of  the  disease  will  be  taken 
into  account.  In  other  eases  it  is  not  so  much  the  immediate  relief 
of  presenting  symptoms  and  signs  which  is  desired,  but,  as  in  the 
treatment  of  syphilis,  the  prevention  of  ultimate  complications. 
Much  the  same  could  perhaps  be  said  of  the  use  of  salicylates  in 
rheumatic  fever,  except  that  their  value  in  preventing  the  develop¬ 
ment  of  heart  disease  is  much  more  problematical  than  the  actions 
of  antisyphilitic  drugs  in  syphilis. 

Even  in  long  established  diseases,  effective  treatment  may 
rapidly  restore  normal  function.  For  example  the  actions  of 
thyroid  in  myxcedema,  antithyroid  drugs  in  thyrotoxicosis,  liver 
extract  in  pernicious  anaemia,  and  to  take  a  very  recent  ease, 
cortisone  (Kendall  s  Compound  Pi)  in  rheumatoid  arthritis,  all 
show  how  chronic  pathological  and  functional  changes  may  be 
speedily  reversed  and  the  effects  of  treatment  easily  obser\  ed. 

Drug  Toxicity.  So  far  we  have  considered  this  question  solely 
from  the  aspect  of  therapeutic  benefit,  but  we  have  also  to  take 
into  account  the  possibility  that  drugs  may  sometimes  be  harmful. 
A  drug  may  produce  a  desired  therapeutic  action  but  if  this 
occurs  only  with  doses  which  exert  marked  side-effects  it  is  usually 
of  no  practical  value.  With  all  drugs  a  wide  margin  between  the 
therapeutic  and  toxic  ranges  is  desirable  ;  this  factor  may  be 
expressed  as  the  “therapeutic  ratio”  which  is  defined  as  “the  mini¬ 
mum  dose  which  produces  toxic  effects,  divided  by  t  ic  c  ose 
which  produces  a  full  therapeutic  effect.”  Drugs  like  digitalis 
and  salicylates,  particularly  the  latter,  have  a  very  small  ratio; 
indeed  the  ranges  may  overlap  so  that  full  therapeutic  doses  of 
salicylates  in  rheumatic  fever  almost  inevitably  lcai  o  si  e 
actions  such  as  nausea,  deafness  and  tinnitus.  Recent  reports  by 
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Meyer  and  Ragan  (1948)  and  by  Camelin  et  al.  (1919)  suggest  that 
sodium  gentisate,  in  doses  which  produce  practically  no  side- 
actions,  is  therapeutically  as  effective  as  sodium  salicylate  in  this 
disease  ;  in  other  words  it  has  a  higher  therapeutic  ratio.  1  he 
greatest  margin  of  safety  is  seen  with  penicillin,  ot  which  it  is  poss¬ 
ible  to  administer  say  a  hundred  times  the  normal  therapeutic 
dose  without  producing  any  toxic  effects  (apart  from  allergic 
hypersensitivity  reactions). 

The  toxic  actions  produced  by  drugs  are  ot  various  kinds  and 
many  of  those  seen  in  man  cannot  be  anticipated  lrom  animal 
studies.  Acute  toxic  symptoms,  e.g.  vomiting  and  giddiness,  are 
soon  detected  ;  allergic  hypersensitivity  reactions  of  the  classical 
type,  e.g.  skin  eruptions  and  drug  fever,  and  possible  allergic 
reactions  such  as  agranulocytosis,  thrombocytopenia  and  liver 
necrosis,  will  naturally  take  longer  to  be  revealed.  With  some  toxic 
effects,  such  as  peripheral  neuritis,  or  a  liability  to  produce 
addiction,  the  frequency  can  only  be  fairly  assessed  after  months 
or  years  of  observation. 

It  is  thus  clear  that  in  the  final  evaluation  of  any  drug  therapy 
it  will  take  some  years  before  the  true  benefits,  together  with  the 
drawbacks,  can  be  fairly  judged  in  relation  to  the  drug’s  influence 
on  the  natural  course  of  disease. 


Methods  of  Assessment  of  Drug  Action 

It  is  very  tempting  to  allow  the  assessment  of  the  therapeutic 
value  of  a  drug  to  be  based  solely  on  the  subjective  impressions 
of  the  observer.  Now  no  one  could  deny  that  a  final  judgment  on 
the  question  will  take  account  of  factors  which  may  be  difficult 
to  measure,  but  it  is  most  important  that,  where  possible*  objective 
measures  of  response  should  be  used.  Records  of  body  temperature, 
respiration  rate,  heart  rate,  blood  pressure,  body  weight,  urinary 
output,  changes  in  physical  signs,  etc.,  are  simply  made  at  the 
bedside,  though  in  other  eases  more  elaborate  procedures  such  as 
blood  counts  or  bacteriological  and  biochemical  investigations 
will  be  required. 

Studies  on  Selected  Cases 

After  the  introduction  of  a  new  drug,  while  it  is  still  in  short 
supply,  it  is  desirable  to  seek  an  early  assessment  of  its  value 
by  careful  observations  on  a  small  number  of  cases.  Recent 
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illustrations  of  this  procedure  are  provided  by  Hench’s  studies  on 
the  action  of  cortisone  in  rheumatoid  arthritis,  and  by  records  of 
the  action  of  Chloromycetin  (chloramphenicol)  in  typhoid  fever. 
It  should,  however,  be  pointed  out  (a)  that  such  preliminary 
observations  are  necessarily  based  on  small  numbers  of  patients 
and  may,  therefore,  not  be  truly  representative,  ( b )  that  it  is 
assumed  that  the  natural  course  of  the  disease  is  well  enough 
known  for  any  modifications  of  this  course  to  be  at  once  obvious 
and  ( c )  that  the  long  term  effects  of  treatment  or  the  onset  of 
delayed  toxic  actions  will  not  be  revealed  by  this  method. 


The  Patient  as  His  Own  Control 

One  procedure  which  may  be  adopted  in  studying  the  effects 
of  drugs  in  chronic  diseases  is  to  make  the  patient  serve  as  his  own 
control  by  first  allowing  him  to  remain  untreated  for  a  reasonable 
period  of  time,  during  which  observations  of  his  condition  may  be 
made.  This  method  has  been  used  for  example  in  the  assay  of 
liver  extracts  in  pernicious  anaemia,  the  evaluation  of  digitalis 
preparations  and  organic  mercurial  diuretics  in  heart  t  ailure,  the 
study  of  antithyroid  drugs  in  thyrotoxicosis,  and  the  assessment 
of  anti-histamine  drugs  in  allergic  states.  When  improvement  has 
occurred,  apparently  due  to  the  drug,  the  effect  of  withholding  the 
drug  can  then  be  observed. 

A  very  useful  development  of  this  technique  allows  the  com¬ 
parison  of  the  effectiveness  of  different  drugs  with  a  given  action. 
The  method  has  been  used  by  Gold  et  al.  (1941)  in  standardizing 
digitalis  preparations  in  patients  with  auricular  fibrillation,  and 
by  Hewer  et  al.  (1949)  in  the  comparison  of  analgesic  drugs  in 
individual  patients,  but  the  best  illustration  is  provided  by  the 
observations  of  Bain  et  al.  (1949)  on  the  comparative  effectiveness 
of  mepyramine  and  promethazine  in  the  treatment  of  20  patients 
with  chronic  urticaria.  Before  treatment  all  the  patients  had 
moderate  to  severe  urticaria.  Mepyramine  was  then  given  orally  m 
increasing  daily  dosage  until  the  urticaria  was  control  ed  or  untd 
side-effects  prevented  its  further  administration.  The  same  20 
patients  were  then  given  promethazine  in  the  same  way  '  u 
procedure,  which  corresponds  to  what  has  been  called  a  t  rossov  er 
Test”  in  biological  standardization  (e.g.  ...su  m  assay  in .rah I  t  ) 
revealed  that  promethazine,  given  in  one  nightly  dose  of  2o  . 
was  as  potent  as  360  mg.  of  mepyramine,  given  in  a  dose  of  1-0 
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mu  t.d.s.  (i.e.  promethazine  was  14  times  as  potent  as  mepy- 
ramine).  More  important  was  the  demonstration  that  the  urticaria 
preventing  dose  of  promethazine  produced  fewer  side  effects  than 
the  corresponding  dose  of  mepyramme,  so  that  14  of  the  20 
patients  preferred  the  former  to  the  latter.  Such  a  test  provides 
much  more  useful  information  than  many  hundreds  of  hap¬ 
hazardly  collected  observations. 

Now  "a  patient  can  act  as  his  own  control  not  only  in  time,  but 
also  in  space.  For  example  in  simultaneously  developing,  sym¬ 
metrically  distributed  lesions,  involving  say  the  eyes  or  skin,  it  is' 
possible  to  assess  the  value  of  local  applications  to  one  side  by 
comparing  the  responses  of  these  treated  areas  with  those  of  the 
untreated  areas  on  the  other  side  of  the  body.  Ibis  technique  has 
been  used,  for  example,  to  compare  the  efficacy  of  local  applica¬ 
tions  used  in  the  treatment  of  burns. 

Comparison  of  Present  Results  with  Previous  Statistics 

In  some  diseases  previous  statistics  may  be  available  as  a  back¬ 
ground  for  the  evaluation  of  a  new  drug.  For  example  Colebrook 
and  Kenny  (1936),  in  their  studies  on  the  effectiveness  of  prontosil 
rubrum  and  sulphanilamide  in  puerperal  sepsis,  compared  the 
results  obtained  after  these  drugs  with  figures  obtained  in  previous 
years  without  chemotherapy.  The  effects  of  sulphonamides  in 
pneumonia  and  meningococcal  meningitis,  and  the  effects  of 
penicillin  in  staphylococcal  infections  and  in  venereal  diseases 
were  all  assessed  by  comparing  the  results  recorded  after  ad¬ 
ministration  of  these  drugs  with  those  previously  obtained.  When 
a  natural  mortality  rate  of  25  per  cent  is  reduced  to  10  per  cent 
(e.g.  sulphonamides  in  pneumonia)  and  there  are  many  thousands 
of  individuals  in  each  group,  the  difference  is  so  large  as  to  need 
only  the  simplest  statistical  analysis  to  show  its  significance. 

There  is,  however,  one  difficulty  associated  with  this  method  of 
comparison.  It  is  well-known  that  the  virulence  of  certain  infec¬ 
tions  varies  from  year  to  year,  so  it  is  always  possible  that  during 
the  period  of  observation  of  the  actions  of  a  new  drug,  the 
background  may  have  changed  from  previous  years,  thus  vitiating 
the  evaluation  of  the  treatment. 

Simultaneous  Controls 

In  most  therapeutic  trials  the  best  procedure  is  to  make 
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observations  on  treated  patients  and  on  controls  at  the  same 
time,  using  some  method  of  random  selection,  as  will  be  des¬ 
cribed  later.  Such  tests  overcome  the  difficulty,  discussed  in 
the  previous  paragraph,  which  might  arise  from  temporal  fluctua¬ 
tions  in  the  natural  course  of  the  disease.  The  control  patients 
will  either  receive  no  treatment  at  all,  or  they  will  receive  some 
drug  previously  used  for  the  disease  ;  in  certain  instances,  to 
take  account  of  psychological  influences,  pharmacologically  inert 
substances  such  as  lactose  are  administered  in  a  preparation 
indistinguishable  from  that  of  the  active  drug  under  test. 

There  is  one  really  important  question  which  may  arise  with 
this  procedure.  It  is  a  moral  one.  If,  early  in  the  test,  it  appears 
that  the  new  drug  is  more  effective  than  the  control  drug,  or  if, 
in  cases  where  the  controls  receive  no  treatment,  the  drug 
strikingly  alters  the  course  of  the  disease,  when  should  the  trial 
be  terminated  ?  This  is  naturally  a  difficult  question  to  answer 
dogmatically,  but  whilst  of  course  no  one  would  wish  to  deprive 
patients  of  the  best  treatment  available,  it  is  probably  true  to  say 
that  a  properly  designed  therapeutic  test  will  reveal  the  benefits 
to  be  derived  from  a  new  treatment  more  quickly  than  even  large 
numbers  of  haphazard  observations.  In  practice  the  dramatically 
effective  drugs  will  be  revealed  in  preliminary  trials  on  small 
numbers  of  patients,  so  that  subsequent  more  extensive  tests  will 
be  approached  with  this  knowledge  in  mind.  It  is  clear  that  the 
simultaneous  control  technique  is  best  suited  to  the  trials  of 
drugs  whose  effects  may  be  definite,  but  not  outstanding,  and  two 
illustrations  of  this  type  of  action  will  be  fully  discussed  later  on. 


Psychological  Factors 

The  actions  of  some  drugs,  such  as  digitalis  or  penicillin,  are 
probably  not  influenced  at  all  by  suggestion,  but  in  therapeutic 
tests  of  drugs  whose  actions  are  exerted  wholly,  or  in  part,  on  the 
central  nervous  system,  or  which  are  to  be  administered  to  patients 
whose  diseases  exhibit  a  marked  psychological  component,  the 
results  may  be  difficult  to  assess.  Drugs  such  as  analgesics  or 
hypnotics  work  in  a  complicated  manner,  by  no  means  wholly 
dependent  on  what  we  should  describe  as  purely  pharmacological 
actions,  and  the  symptoms  and  signs  of  diseases  such  as  peptic 
ulcer,  ulcerative  colitis,  asthma  and  angina  pectoris  may  be  readily 
influenced  by  a  number  of  apparently  non-specific  agents. 


375 


COM  PLICA  TING  FA  CTO  PS 

Attempts  to  assess  the  part  played  by  suggestion  have  been 
made  by  the  administration  of  dummy  tablets  (containing,  or 
example,  lactose)  or  by  injections  of  sterile  saline  in  such  a  way 
that  the  patient  is  unaware  whether  he  is  receiving  an  inert  or  a 
pharmacologically  active  preparation.  Indeed  it  is  best  that  he 
should  not  be  told  of  the  possible  alternatives.  Such  inert  prepara¬ 
tions  have  shown  that  in  up  to  50  per  cent  of  administrations 
of  analgesic  drugs  the  relief  of  pain  is  independent  of  any  pharma¬ 
cological  action  (Asher,  1948).  Gill  (1948)  has  shown  how  patients 
with  peptic  ulcer  may  show  not  only  relief  of  symptoms,  but  also 
healing  of  the  ulcer,  after  injections  of  sterile  water. 

Now  it  is  perfectly  right  that  the  factor  of  suggestion  should  be 
made  full  use  of  in  therapeutics,  and  the  good  doctor  does  so, 
but  we  do  feel  that  some  distinction  should  be  made  between 
pharmacological  and  psychogenic  actions,  il  for  no  other  reason 
than  that  the  former  may  thereby  be  more  effectively  reinforced 
by  the  latter. 


Exclusion  of  Other  Factors 

In  studying  the  influence  of  any  drug  upon  the  course  of  a 
disease,  it  is  important  to  take  account  of  the  effects  of  other 
procedures  which  may  be  simultaneously  used  in  the  treatment  of 
the  patient.  For  example,  the  beneficial  effects  of  rest  in  bed  on 
patients  with  heart  disease,  thyrotoxicosis,  peptic  ulcer  or  pul¬ 
monary  tuberculosis,  or  the  improvements  which  may  follow 
appropriate  diets  in  such  patients,  must  all  be  assessed  in 
attempting  to  define  the  influence  of  any  drugs  used  on  the  course 
of  events. 

Finally,  in  considering  the  influence  of  any  one  drug  on  the 
course  of  a  disease,  it  may  be  necessary  to  eliminate  all  other  drug 
therapy,  in  other  words  to  test  one  remedy  at  a  time.  In  some 
instances,  two  drugs  whose  different  actions  converge  towards  the 
same  end,  may  be  studied  in  combination,  e.g.  sulphonamides  and 
penicillin  in  pneumonia,  organic  mercurial  diuretics  and  acidifying 
agents  in  congestive  heart  failure,  or  streptomycin  and  p-amino- 
salicylic  acid  in  pulmonary  tuberculosis.  In  all  cases  the  purpose 
of  a  therapeutic  trial  of  any  drug  is  to  determine  what  influence 
the  drug  has  on  the  course  of  the  disease  which  is  being  studied. 

We  have  discussed  some  of  the  more  important  factors  relating 
to  therapeutic  trials  in  man,  and  we  have  seen  that  various 
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procedures  may  have  to  be  used  according  to  the  nature  of  the 
disease,  and  the  effectiveness  of  the  drug  under  investigation. 
Where  drug  actions  are  very  striking  only  the  simplest  of  statistical 
procedures  are  required,  but  in  other  cases  more  elaborate 
statistical  planning  and  analysis  are  essential  for  speedy  and 
economical  evaluation,  and  in  the  following  section  a  simple 
outline  of  some  of  the  procedures  employed  will  be  presented. 


Statistical  Methods  in  Therapeutic  Trials 


The  need  for  statistical  methods  in  therapeutic  trials  arises 
largely  from  the  variability  in  response  from  one  individual 
patient  to  another,  and  the  aim  is  to  find  some  approximate 
mathematical  expression  which  will  indicate  the  most  probable 
response  of  all  patients  with  a  given  disease  or  symptom,  when 
treated  with  a  given  drug.  It  is  most  important  to  realize  that 
statistical  methods  are  as  much  required  in  the  planning  of  the 
trial  as  in  the  analysis  of  the  results,  and  it  is  useless  to  expect  a 
statistician  to  extract  significant  answers  from  even  accurate  data 
collected  without  adequate  forethought  and  organisation.  Finally, 
no  amount  of  statistical  effort  can  compensate  for  inaccurate 
measurement  or  careless  observation. 

The  following  brief  exposition  of  statistics  in  relation  to  thera¬ 
peutic  trials  is  designed  firstly  to  summarize  some  essential  points 
in  the  approach  to  the  problem,  and  secondly  to  discuss  fully,  by 
way  of  illustration,  two  recent  important  papers.  The  following 
are  some  of  the  books  which  have  been  consulted  in  preparing  this 
section  and  readers  are  strongly  advised  to  refer  to  them  for  details 
which  may  not  be  clear  from  this  short  account. 


The  Principles  of  Medical  Statistics  by  A.  Bradford  Hill  (4th 
Ed.  1948)  ;  this  excellent  book  is  designed  to  explain  statistics 
to  the  non-mathematical  medical  man,  and  is  the  source  of  much 
nf  what,  follows  :  An  Introduction  to  the  Theory  of  Statistics  by 


f  isher,  5iausuL'iu  mcu.uuo  - -  .  . 

*ml  The  Design  of  Experiments  (1947)  are  classical  masterpieces, 
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tables  is  designed  to  reveal  the  Frequency  Distribution  of  some 
event,  e.g.  the  incidence  of  death  or  survival  after  administration 
of  different  doses  of  a  drug  in  the  treatment  of  an  infection.  n 
the  basis  of  these  data  Graphs  may  be  drawn  to  reveal  the  trend  ot 
events  to  a  rapid  glance  from  the  expert,  or  to  summarize  the 
whole  situation  for  the  statistically  resistant  reader;  it  must, 
however,  be  stressed  that  graphs  give  less  information  than  tables 
and  are  no  substitute  for  them.  The  tabulated  material  is  often 
presented  graphically  in  the  form  of  a  Frequency  1  olygon,  01  more 
accurately  as  a  Histogram.  Table  15  is  designed  to  illustrate  the 
technique  of  grouped  tabulation  of  data.  The  figures  are  taken 


Table  15 


Dose  of  Sodium 
Salicylate 

Number  of  Indi¬ 
viduals  who 
developed  toxic 
symptoms 

0-20  grains 

1 

20- 

2 

40- 

8 

60- 

14 

Mean  Toxic  Dose  =  135.1  grains 

80- 

18 

Median  ,,  ,,  =130  ,, 

100- 

38 

120- 

26 

Standard  Deviation 

140- 

27 

=  52.2  grains 

160- 

19 

Coefft.  of  Variation 

180- 

19 

=  38.7% 

200- 

4 

Standard  Error  of  Mean 

220- 

2 

=  3.82 

240- 

4 

260- 

1 

280-800 

4 

Total  187 

The  grouped  data  in  this  table  are  taken  from  a  paper  by  Hanzlik 
(15)1 3)  and  show  the  number  of  Females  who  developed  toxic  symptoms 
after  different  doses  of  orally  administered  sodium  salicylate  (used  in 
the  treatment  of  rheumatic  fever).  Inset :  Some  statistical  measures  of 
these  data. 
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lrom  some  old  work  by  Hanzlik  (1913)  on  individual  variations 
in  sensitivity  to  the  toxic  effects  of  sodium  salicylate  given  by 
mouth  to  patients  with  rheumatic  fever.  The  data  here  presented 
concern  only  females,  and  show  the  number  of  individuals  who 
developed  toxic  symptoms  after  different  doses  of  the  drug  when 
it  was  given  hourly  (10-20  grains  in  each  dose).  Fig.  44  shows  a 
frequency  polygon,  and  Fig.  45  a  histogram  of  the  data  in  the  table. 


MODE 


MODE  -  110 

Fig.  44 

A  frequency  polygon  of  the  data  set  out  in  1  able  15. 

Now,  when  the  statistical  data  have  been  arranged  in  order  as 
just  described,  the  next  problem  is  to  find  some  relatively  simple 
mathematical  expression  to  describe  the  characteristics  of  the 
distribution.  This  is  of  course  particularly  necessary  when  it  is 
desired  to  compare  one  set  of  observations  with  another,  as  tor 
example  in  comparing  the  therapeutic  effectiveness  of  two  different 
drugs.  The  most  important  characteristics  of  any  frequency 

distribution  are  : — 
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(1)  The  Central  Tendency  of  the  observations  (Dawson,  1933). 

(2)  The  Degree  of  Scatter  or  Dispersion  of  the  observations. 
(1)  Much  the  most  commonly  used  measure  ot  the  central 

tendency  of  t lie  observations  is  the  Arithmetic  Mean  oi  Aveiage, 
which  is  the  sum  of  all  the  observations  divided  by  the  number  of 
observations.  Other  measures  used  are  the  Median  and  the  Mode. 
The  median  of  a  series  of  observations  is  the  value  of  the  central  or 
middle  observation  when  all  the  observations  are  arranged  in 
order  of  magnitude,  i.e.  half  the  observations  fall  below  and  half 
lie  above  it.  This  value  is  much  used  in  experimental  pharma¬ 
cological  work  especially  in  measurements  of  drug  toxicity  where 


Fig.  45 

A  histogram  of  the  data  set  out  in  Table  15. 


the  expression  L.D.50  refers  to  the  Median  Lethal  Dose.  The  mode 
is  the  most  frequently  occurring,  or  most  “fashionable,”  observa¬ 
tion  in  a  series  ;  this  expression  is  much  less  used  than  the  mean 
or  median.  To  illustrate  these  measures  from  the  data  of  Table  15, 
it  is  found  that  the  mean  value  of  the  toxic  dose  of  sodium  sali¬ 
cylate  is  135.1  grains,  the  median  is  130  grains,  and  the  mode  is 
110  grains  (Fig.  44). 

(2)  The  degree  of  scatter,  dispersion  or  variability  of  the 
observations  must  clearly  be  taken  into  account  in  any  frequency 
distribution.  The  range,  i.e.  the  distance  between  the  lowest  and 
highest  values  of  the  observations,  is  the  simplest  measure  of 
scatter  but  is  usually  of  little  value  since  it  gives  no  estimate  of  the 
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distribution  of  the  majority  of  observations  within  that  range. 
Other  measures  of  scatter  include  :  (a)  the  mean  deviation  which  is 
obtained  by  adding  together  (ignoring  the  sign  -f  or  --)  the  devia¬ 
tions  or  differences  of  all  the  observations  from  the  mean,  and 
dividing  by  the  number  of  observations  ;  (6)  the  variance  which  is 
the  sum  of  the  squares  of  the  deviations  divided  by  the  number  of 
observations,  and  most  important  of  all  (c)  the  standard  deviation 
which  is  the  square  root  of  the  variance.  This  is  usually  expressed 
in  symbols  as  follows  : — 


/S  d2 


where  a  =  Standard  Deviation 
S  d2=  the  sum  of  the  squared  deviations  from 
the  mean  and  n  =  the  number  of  observations. 


♦ 


The  variance  = 


Ed2 

n 


For  the  actual  method  of  calculation  of  the  Standard  Deviation 
Bradford  Hill’s  Principles  of  Medical  Statistics  should  be  consulted. 

A  large  standard  deviation  means  that  the  frequency  distri¬ 
bution  is  widely  scattered  about  the  mean.  In  comparing  the 
standard  deviation  of  one  frequency  distribution  with  that  of 
another  it  is  important  to  appreciate  that  the  standard  deviation  is 
expressed  in  the  same  units  of  measurement  as  the  original 
observations.  In  order  to  compare  the  degrees  of  variability  in 
frequency  distributions  of  different  variables  measured  in  different 

units  the  Coefficient  of  Variation  is  used  ;  this  is  X 100  (where 

m=the  mean).  This  is  clearly  independent  of  the  units  of  measure¬ 
ment  used,  i.e.  it  is  a  mere  number. 


The  “Normal”  Distribution 

One  type  of  symmetrical  frequency  distribution  is  known  as 
the  “ normal ”  distribution  (sometimes  called  the  Gaussian  distri¬ 
bution)  and  is  of  great  theoretical  and  practical  importance. 
Many  measurable  characteristics,  e.g.  stature,  show  this  distri¬ 
bution,  but  its  greatest  importance  lies  in  the  field  of  “sampling 
which  will  be  discussed  later.  The  essential  characteristics  of  the 
“normal”  frequency  distribution  are  : 

(i)  the  mean,  median  and  mode  all  coincide. 

(ii)  the  curve  is  symmetrical  about  the  mean. 
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(iii)  the  proportion  of  observations  which  will  lie  in  the  interval 
between  the  mean  and  the  mean  plus  (or  minus)  any  multiple  of 
the  standard  deviation  can  be  calculated.  .  ,n  f 

e.s.  the  proportion  of  observations  which  he  within  1  S.D.  lio 
the  mean,  i.e.  within  the  range  m  -  a  to  m  +  a  (^ere  m =mean) 

the  proportion  of  observations  which  lie  within  2  S.D.  ^  ^  ^ 

the  proportion  of  observations  which  lie  within  3  S.D. 

11  — qq  73  npr  rent 


Fig.  40 

Normal  Frequency  Distribution 

Histogram  based  on  hypothetical  data  of  the  stature  of  1000  normal 
men  ;  a  “Normal”  Curve  has  been  superimposed  on  the  histogram 
and  the  distances  of  1 ,  2  and  3  standard  deviations  from  the  mean 

are  indicated. 

(After  Bradford  Hill,  1948.) 
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Thus,  with  measurements  that  show  a  normal  distribution, 
nearly  1  in  .3  will  differ  from  the'mean  value  of  the  population  by 
more  than  1  S.D.,  1  in  20  will  differ  from  the  mean  by  more  than 
2  S.D.,  and  only  1  in  .370  will  differ  from  the  mean  by  more  than 
.3  S.D. 


Problems  of  Sampling 

In  practical  statistical  problems  it  is  nearly  always  the  ease  that 
the  observations  utilized  are  only  a  sample  from  what  statisticians 
term  a  “universe.”  The  term  “Universe”  in  this  sense  means 
“Universe  of  Discourse”  and  requires  definition  in  all  statistical 
investigations.  Let  us  take  an  example.  Suppose  we  were  studying 
the  effects  of  some  new  drug  in  the  treatment  of  pneumonia,  we 
should  firstly  define  the  criteria  for  diagnosis  of  this  disease,  and 
then,  by  methods  to  be  discussed  in  this  section,  we  should 
allocate  a  certain  number  of  patients  to  “control''  and  “treated' 
groups.  Now  our  particular  study  would  necessarily  be  restricted 
both  in  time  and  in  the  number  of  patients  treated,  and,  strictly 
speaking,  our  results  would  apply  only  to  the  recorded  observa¬ 
tions.  But  during  the  same  period  of  time  there  would  also  be 


large  numbers  of  other  patients  with  pneumonia  not  included  in 
the  investigation,  and  the  total  number  of  these  patients,  plus 
our  series,  would  be  described  as  our  universe  of  discourse,  of 
which  the  cases  we  have  studied  would  be  only  a  sample.  What  we 
reallv  want  to  know  is  (i)  how  far  our  results  apply  to  the  whole 
universe  from  which  our  patients  were  selected,  and  (ii)  how 
frequently  the  observed  difference  between  “control  ’  and  treated 
groups  would  occur  as  the  result  of  random  selection  from  this 
universe.  This  is  the  essence  of  the  problem  of  sampling.  A  sample 
is  a  selected  number  of  individuals  each  of  which  is  a  member  of 
a  particular  universe.  It  is  frequently,  and  rightly,  assumed  in 
ordinarv  life  that  samples  give  useful  information  about  universes 
of  various  kinds,  and  it  is  also  generally  appreciated  that  the  larger 
the  sample  becomes,  the  more  accurately  will  it  reflect  conditions 

in  the  parent  universe.  , 

The  problem  of  sampling  is  of  great  importance  in  expenmen  a 
pharmacology  and  therapeutics,  since  it  is  impossible  in  practice 
to  do  more  than  a  limited  number  of  experiments  to  test  a 
particular  drug  action.  It  is  therefore  necessary  to  discuss  this 
question  in  some  detail ;  practical  illustrations  will  be  given 
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later  from  recent  therapeutic  studies  of  the  actions  of  streptomycin 
in  pulmonary  tuberculosis,  and  of  anticoagulants  in  myocardia 

infarction. 


Selection  of  the  Sample  ' 

The  first  problem  is  the  question  of  selection  of  individuals 
the  test  since  it  is  desired  to  make  the  sample  as  representative  as 
possible  of  the  universe  as  a  whole.  Now  there  are  two  main  types 
of  sampling  :  (a)  random,  ( b )  purposive.  In  random  sampling  each 
member  of  the  universe  has  the  same  chance  of  being  chosen, 
whereas  in  purposive  sampling  individuals  are  selected  ior  some 
particular  characteristic,  e.g.  sex  or  age  group.  It  is  clearly  possible 
to  combine  the  two  procedures,  e.g.  alter  initial  segregation  of 
individuals  into  their  appropriate  sex  and  age  groups,  subsequent 
studies  of  the  individuals  allocated  to  each  group  could  use  the 


techniques  of  random  sampling.  In  any  case  the  aim  is  to  eliminate 
as  far  as  possible  the  errors  which  arise  from  conscious  or  un¬ 
conscious  human  bias. 

In  therapeutic  trials  where  it  is  desired  to  test  the  effect  of  a 
drug  on  the  course  of  some  disease,  the  most  satisfactory  procedure 
is  to  divide  the  patients  approximately  into  two  numerically  equal 
groups,  one  of  which  receives  the  drug  while  the  other  group  serves 
as  a  control.  To  elicit  the  greatest  amount  of  information  from  the 
trial  the  two  groups  of  patients  should  be  the  same  in  all  relevant 
respects,  apart  from  the  administration  of  the  drug.  It  is  thus 
clear  that  great  care  must  be  taken  to  avoid  bias  in  the  allocation 


of  patients  to  the  two  groups,  and  various  methods  have  been 
adopted  for  this  purpose. 

(1)  Alternate  patients,  regardless  of  their  age,  sex,  or  severity 
of  illness,  are  allocated  to  the  “treated”  and  “control”  groups. 
Purposive  selection  into  sex  and  age  groups  may  precede  such 
random  allocation.  A  similar  procedure  is  that  in  which  patients 
admitted  to  hospital  on  odd  days  of  the  month  are  allocated  to 
the  treated  group  and  those  admitted  on  even  days  serve  as 
controls. 

(2)  The  sample  of  patients  may  be  made  more  truly  random  by 
the  use  of  special  procedures,  such  as  selection  by  means  of  random 
sampling  numbers.  Bradford  Hill  in  the  study  on  the  effects  of 
streptomycin  in  pulmonary  tuberculosis  to  be  described  later, 
used  such  a  technique  so  that  for  each  sex,  at  each  hospital 


384 


THE  ACTIONS  OF  DRUGS  IN  MAN 

centre  where  the  investigation  was  performed,  a  set  of  sealed, 
numbered  envelopes  contained  randomly  selected  cards  which 
assigned  patients  to  the  treated  or  control  series.  To  avoid  any 
psychological  bias  none  of  the  investigators  were  told  anything  of 
the  details  of  the  method  of  selection,  and  the  patients  were  not 
told  that  they  were  to  receive  any  special  treatment,  or  to  act  as 
controls.  The  only  fact  which  might  have  aroused  their  suspicions 
was  their  more  speedy  admission  to  hospital  ! 

Variability  of  Means  of  Samples 

The  accuracy  of  a  value  calculated  from  a  sample  depends  on  (i) 
the  size  of  the  sample,  and  (ii)  the  variability  of  the  characteristic 
within  the  universe  from  which  the  sample  is  taken.  Factor  (i)  is  of 
course  known,  but  (ii)  is  very  rarely  known,  hence  it  is  necessary  to 
consider  how  it  may  be  estimated,  so  that  we  can  get  some  idea  as 
to  how  representative  our  sample  is  of  the  universe  as  a  whole. 

If  repeated  samples  of  the  same  size  are  taken  from  a  given 
universe  the  means,  standard  deviations  and  proportions  will  vary 
from  sample  to  sample  according  to  the  laws  of  chance.  It  can, 
however,  be  proved  that  the  means  (and  other  statistics)  of  the 
samples  will  show  a  “normal”  distribution  about  their  true  value 
in  the  universe.  Thus,  as  in  the  case  of  the  frequency  distribution 
of  a  series  of  observations  (p.  380),  we  can  estimate  the  probability 
that  the  mean  of  a  given  sample  will  differ  from  the  true  mean  by 
more  than  once,  twice  or  three  times  the  standard  deviation.  How¬ 
ever  it  must  be  noted  that  the  standard  deviation  of  the  mean  of 
the  universe  is  not  known,  since  usually  only  one  sample  is  taken, 
but  it  can  be  further  shown  that  the  standard  deviation  of  the 
means  of  samples =the  standard  deviation  of  the  individuals 
sampled  in  the  population/the  square  root  of  the  number  of 
individuals  in  the  sample.  This  value  is  termed  the  Standard 
Error  (S.E.)  of  the  mean  and  may  be  written  thus 


This  enables  one  to  estimate  how  far  the  mean  of  a  sample  differs 
from  the  true  mean  of  the  universe,  but  it  is  important  to  realize 
that  this  relation  is  only  applicable  where  n  is  large,  and  shou  ( 
be  used  with  caution  when  n  is  less  than  100. 
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PROPORTIONS  AND  PERCENTAGES 

Proportions  and  Percentage  Statistics 

Another  statistical  value  of  great  practical  importance  is  the 
proportion  or  percentage.  It  can  be  shown  that  the  S.E.  of  a 

percentage  is  where  p  is  the  percentage  of  individuals 

belonging  to  one  category  (e.g.  alive),  q  is  the  percentage  belonging 
to  the  other  category  (e.g.  dead),  and  n  is  the  number  of  individuals 
in  the  sample. 

Now  the  commonest  problem  in  pharmacotherapy  is  to  assess 
the  effectiveness  of  a  drug  by  comparing  the  results  in  a  treated 
group  of  patients  with  those  in  some  control  group.  If  the  control 
group  is  very  large,  as  for  example  where  it  consists  of  many 
thousands  of  patients  previously  observed,  the  values  of  the  mean 
and  S.D.  of  this  group  may  be  regarded  as  the  values  for  the 
universe,  and  it  is  then  merely  necessary  to  determine  the  S.E. 
of  the  mean,  or  the  proportion,  of  the  treated  group.  If  these 
latter  values  differ  markedly  from  those  of  the  universe  the 
probability  of  such  a  difference  occurring  by  chance  is  very 
small,  and  it  is  very  likely  that  the  difference  is  due  to  the  effect 
of  treatment. 

In  most  cases,  however,  the  values  for  the  universe  are  not 
known.  For  many  reasons  it  is  usually  best  to  make  simultaneous 
observations  on  treated  and  control  patients,  so  the  problem  is 
how  to  test  the  significance  of  the  observed  differences  between 
the  two  groups.  There  are  two  measures  of  great  importance  in 
this  connection. 

(1)  The  Standard  Error  of  the  Difference  between  Tzvo  Means 

\\  e  have  seen  that  the  means  and  S.D.  of  samples  of  a  given 
size  taken  lrom  the  same  population  are  “normally”  distributed 
about  the  true  values  for  the  whole  population.  It  can  be  shown 
that  the  differences  between  the  means  of  any  two  large  samples 
from  the  same  population  are  also  “normally”  distributed. 

The  S.E.  of  the  difference  between  two  means  can  be  calculated 
in  two  ways  which  give  closely  similar  results. 


(a)  S.E.  =  Ja±  +  ?! 

ni  n2 
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where  a  =  the  standard  deviation  of  all  the  observations  in  the  two 
samples  combined,  and  rq  and  n2=the  numbers  in  the  two  samples. 

/  (t  2  n  2 

(b)  S.E.  =  ./  —  +  ~ 

ni  n2 

where  cq  and  a2  =  the  standard  deviations  of  the  observations 
in  the  two  samples,  and  rq  and  n2  =  the  numbers  of  observations  in 
the  two  samples. 


(2)  The  Standard  Error  of  the  Difference  between  Tivo  Proportions 
This  may  also  be  calculated  in  two  ways  : — 


(a) 


S.E.  =  + 


n, 


pxq 

n2 


where  p  and  q  are  the  percentages  in  both  samples  combined 
which  have,  and  do  not  have,  the  characteristic,  and  rq  and  n2= 


the  numbers  of  observations  in  the  two  samples. 


(b) 


S.E. 


—  V 


/pixqi 


n. 


P2Xq2 

n2 


where  px  and  qt  are  the  percentages  in  one  sample,  p2  and  q2  the 
percentages  in  the  other,  and  rq  and  n2  the  numbers  of  observations 
in  the  two  samples. 


Significance  of  Differences 

A  very  important  question  is  the  significance  of  differences 
between  two  means  or  proportions.  All  that  is  revealed  by  these 
tests  is  the  probability  of  such  differences  occurring  by  chance,  on 
the  assumption  that  tile  samples  are  drawn  from  the  same  universe 
If  the  observed  difference  between  two  means  or  proportions 
equals  twice  the  value  of  the  S.E.  of  the  difference,  such  a  difference 
would  occur  bv  chance  roughly  once  in  20  tests;  if  the >  observ 
difference  is  2*  times  the  S.E.  it  would  occur  by  chance  once  in 
80  tests,  and  if  it  is  8  times  the  S.E.  it  would  occur  once  ,n  3,0 
tests.  It  is  clear  then  that  these  tests  provide  '>ol»siveproof 
or  disproof  of  any  hypothesis  ;  they  merely  indicate  the  likelihood 
of  tlfe*  observed  ^differences  being  due  to  the  chances  of  random 
sampling,  and  it  is  permissible  to  select  any  level  of  significance 
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for  anv  particular  type  of  investigation.  The  commonest  pro¬ 
cedure  is  to  regard  as  significant  a  difference  winch  exceeds  tw.ee 
the  S  E.:  tllisSis  called  the  5  per  cent  level  of  significance  since 
such  a  difference  would  occur  by  chance  less  than  once  in  20  tests 
For  many  purposes,  as  in  much  experimental  pharmacological 
work,  this  level  is  regarded  as  satisfactory  but  it  is  important to 
understand  the  arbitrary  nature  of  this  estimate.  For  ° 
purposes  the  1  per  cent  (or  even  0.1  per  cent)  level  of  significance 
is  desirable  so  that  the  probability  of  the  observed  differences 
occurring  by  chance  is  1  in  100  (or  1  in  1,000). 


The  x2  Test 

We  have  considered  tests  of  significance  of  differences  between 
means  and  proportions,  but  there  are  many  cases  where  it  is 
desired  to  compare  the  characteristics  of  two  or  more  groups. 
For  the  comparison  of  such  distributions  Karl  Pearson  intioduced 
what  is  called  the  y2  test,  (“chi  squared”  test).  It  is  possible  with 
this  test  to  study  the  significance  of  differences  between  say 
various  batches  of  serum  in  the  prevention  of  measles,  or  between 
various  drugs  on  a  given  infection. 

A  very  useful  application  of  the  y2  test  is  to  what  is  called 

the  “Fourfold”  Table. 


Table  16 


No.  of  Individuals 

e.g. 

Treated 

Controls 

Total 

Survived 

a 

c 

a  +  c 

Died 

b 

d 

b  +  d 

Total 

.  a  +  b 

c  +  d 

a+b+c+d 

Suppose  that  a  drug  was  being  tested  for  its  effect  in  some 
infection  with  a  fairly  high  mortality  rate  (e.g.  sulphonamides 
in  pneumococcal  pneumonia),  the  effectiveness  of  the  drug  could  be 
assessed  in  terms  of  survival  or  death  and  the  numbers  in  each 
group  could  be  entered  in  the  table  as  indicated  above. 
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The  value  of  *2  in  this  ease  can  be  calculated  from  the  formula 


2 _  (ad  bc)“(a-|-b-t-c-)-d) 

(a  +  b)(c+d)(a+c)(b  +  cl) 

A  table  ol  values  ot  (e.g.  in  Fisher’s  Statistical  Methods  for 
Research  Workers)  is  then  consulted  and  the  value  of  Probability 
(P)  is  read  off  against  n  (the  no.  of  degrees  of  freedom)  which  for 
this  2  X2  —  lold  table  =  l.  This  gives  the  probability  of  the  differ¬ 
ence  between  the  treated  and  control  patients  being  due  to 
sampling  chances. 

The  Number  of  Observations  Required 
for  Significant  Results 

A  question  that  naturally  arises  in  therapeutic  tests  is  how  many 
patients  should  be  included  in  each  group  to  give  significant 
results  ?  This  question  cannot  be  answered  in  advance  since  it 
depends  on  the  differences  revealed  in  the  course  of  the  investiga¬ 
tion.  To  quote  an  example  given  by  Bradford  Hill  {he.  cit.  p.  238), 
suppose  that  in  a  certain  disease  the  fatality  rate  was  40  per  cent 
in  the  control  group  and  20  per  cent  in  the  treated  group,  the 
question  is  to  find  the  smallest  number  of  patients  which  must  be 
present  in  each  group  to  make  this  difference  statistically  signifi¬ 
cant.  If  the  difference  between  these  proportions,  i.e.  20  per  cent, 
is  equal  to  twice  the  standard  error  of  the  difference  between  the 
two  proportions  (which  takes  into  account  the  numbers  involved) 
it  means  that  such  a  difference  would  occur  by  chance  once  in  20 
trials  (P=0 . 05).  If  this  be  taken  as  the  level  of  significance  it  can 
be  shown  that  42  patients  would  have  to  be  included  in  each  group. 
If  the  fatality  rates  had  been  40  per  cent  and  30  per  cent  respec¬ 
tively  the  number  of  patients  in  each  group  would  have  to  be  182 
to  reach  this  level  of  significance,  and  if  the  fatality  rates  had  been 
4  per  cent  and  2  per  cent  the  number  required  would  be  600  in 

each  group. 

It  will  be  noted  that  these  examples  assume  the  percentage 
differences  to  be  established,  but  in  practice  these  figures  will 
not  be  known  until  some  trials  have  been  made,  so  it  is  clear  that 
no  accurate  forecast  can  be  made  of  the  numbers  required  to 
establish  a  significant  difference  between  the  two  groups. 
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applications  of  statistics 

Methods  for  Dealing  with  Small  Samples 

It  has  so  far  been  assumed  that  the  samples  studied  have  been 
large,  i.e.  that  they  consisted  of  at  least  50-100  observations. 
Where  smaller  numbers  are  concerned  the  measurement  of  the 
standard  deviation  is  more  accurately  represented  as 

/  Sd2  .  j  n  /Sd2 

S.D.  =  -»/ - instead  of  - 

v  n  —  l  n 


Indeed,  the  former  is  the  correct  representation  for  all  eases,  but 
when  large  numbers  of  observations  have  been  collected  no 
significant  error  results  from  the  use  of  n  instead  of  n  —  1. 

When  it  is  desired  to  estimate  the  significance  of  differences 
between  means  of  small  samples,  what  has  been  called  the  /- test, 
introduced  by  a  Civil  Service  statistician  who  published  Ins  work 
under  the  nom-de-plume  “Student,”  may  be  employed.  An 
extension  of  “Student’s”  /-test  to  the  comparison  of  two  means 
lias  been  described  by  11,  A.  I1  isher  and  for  details  ol  its  application 
the  reader  must  be  referred  to  this  author  s  Statistical  Methods 
for  Research  Workers.  It  should  here  be  emphasized  that  with 
very  small  samples,  e.g.  four  or  five  observations,  statistically 
significant  results  cannot  be  obtained. 


Examples  of  the  Application  of  Statistical  Methods 
in  Therapeutic  Trials 
Streptomycin  in  Pulmonary  Tuberculosis 

A  recent  investigation  on  the  short-term  effects  of  streptomycin 
in  the  treatment  of  pulmonary  tuberculosis  will  now  be  described 
to  illustrate  many  of  the  factors  which  arise  in  the  performance 
of  a  proper  therapeutic  trial.  The  inquiry  was  planned  and  directed 
by  a  special  committee  on  behalf  of  the  Medical  Research  Council 
and  the  results  have  been  reported  in  the  British  Medical  Journal 
(1948)  (see  also  p.  160).  At  the  commencement  of  this  work  in 
1946  the  supply  of  streptomycin  was  small,  and  it  was  felt,  that 
in  a  disease  with  such  a  variable  and  unpredictable  natural 
course  as  pulmonary  tuberculosis,  the  greatest  care  should  be 
taken  to  use  the  available  quantities  to  the  best  advantage. 
The  first  problem  was  the  choice  of  the  most  suitable  type  of  case, 
and  lor  several  reasons  the  patients  were  selected  according  to 
the  following  criteria  :  “acute  progressive  bilateral  pulmonary 
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tuberculosis  of  presumably  recent  origin,  bacteriologically  proved, 
unsuitable  for  collapse  therapy,  age  group  15-30.”  The  selection 
of  this  type  of  disease  fully  justified  the  allocation  of  a  number  of 
patients  to  a  parallel  control  series  which  was  treated  by  bed-rest 
alone.  107  patients  were  studied  in  the  trial.  55  receiving  strepto¬ 
mycin  and  52  serving  as  controls. 

The  allocation  of  the  patients  to  the  “streptomycin -f- bed-rest” 
group  (S),  or  to  the  “bed-rest  alone”  group  (C)  was  decided  by  a 
procedure  based  on  random  sampling  numbers.  Patients  were  not 


Table  17 


CONDITION  ON  ADMISSION 


GENERAL 

CONDI¬ 

TION 

S 

GROUP 

C 

GROUP 

MAX.  EVENING 

TEMP 

IN  FIRST  WEEK 

S 

GROUP 

C 

GROUP 

SEDIMENTATION 

RATE 

S 

GROUP 

C 

GROUP 

GOOD 

8 

6 

98-98-9*  F 
(36  7— 37*15*0.) 

3 

4 

0-10 

0 

O 

FAIR 

17 

20 

99-99  9°  F 
(37  2—  37-  75°C.) 

13 

12 

11—20 

3 

2 

POOR 

30 

24 

100-00-9°  F 

15 

17 

21-50 

16 

20 

(37-8  — 38-25‘C  ) 
OI*F  (38-3*C.)  + 

24 

19 

51  + 

36 

29 

TOTAL 

55 

52 

TOTAL 

55 

52 

TOTAL 

55 

51 

General  condition,  maximum  evening  temperature  and  blood  sedi¬ 
mentation  rate  of  patients  with  pulmonary  tuberculosis  before  ad¬ 
ministration  of  streptomycin.  S  =  Streptomycin  treated  group,  C  = 

Controls. 

(Data  from  Medical  Research  Council  Report,  1948.) 


told  before  admission  that  they  were  to  be  given  special  treatment, 
and  C  patients  did  not  know  that  they  were  acting  as  controls 
After  thorough  initial  clinical,  radiological  and  pathological 
examinations  each  patient’s  condition  was  re-assessed  at  monthly 
intervals  for  six  months.  Particular  care  was  taken  in  the  in  c 
pretation  of  the  X-ray  films,  which  were  all  viewed  independent y 
by  two  radiologists  and  a  clinician  who  did  not  know  whether 

films  belonged  to  C  or  S  cases.  , 

Each  patient  was  kept  under  observation  for  at  least  one  week 

before  the  treatment  or  control  period  started. 
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that  most  of  the  patients  were  acutely  ill,  and  the  data  also  show 
that  random  distribution  had  equalized  the  groups,  with 
slightly  greater  number  of  severe  cases  in  the  S  group. 

'  Streptomycin  was  given  to  S  patients  by  intramuscular  in¬ 
jections,  the  total  daily  dosage  being  2  given  in  4x0  o  G. 
doses  6  hourly.  The  duration  of  treatment  in  most  of  the  patients 

was  four  months. 


Results  at  the  End  of  Six  Months 

Mortality  Rate.  4  of  the  55  patients  (7  per  cent)  and  14  of  the 
52  C  patients  (27  per  cent)  died  before  the  end  of  six  months. 
The  significance  of  this  difference  may  be  tested  by  determining 
the  standard  error  of  the  difference  between  the  two  proportions. 
This  is  calculated  from  the  formula 

Pi  xqi  +  P2  Xq2 
^  rq  n2 

Pl  and  p2  =  percentage  of  those  dying,  and  qx  and  q2  =  percentage 
of  those  surviving  in  each  group,  and  nx  and  n2  are  the  numbers 
in  each  group.  Thus  the  standard  error  (S.E.)  of  the  difference 
between  the  proportion  in  the  S  group  and  the  proportion  in  the 

C  group  is  _ 

/7X93  ,  27X73  _  „  , 
v  55  52 


The  observed  difference  between  S  and  C  groups  is  27  —  7  =  20  per 
cent  which  is  nearly  3  times  the  S.E.  The  probability  of  this 
difference  occurring  by  chance  is  less  than  0.01  (1  in  100)  ;  other 
things  being  equal,  and  great  care  was  taken  to  make  them  so, 
this  suggests  that  streptomycin  had  a  significant  influence  on  the 
mortality  rate  at  the  end  of  six  months. 

An  addendum  to  the  report  showed  that  at  the  end  of  one  year 
12  of  55  S  patients  (22  per  cent)  and  24  of  52  C  patients  (46  per 
cent)  had  died.  Here  the  S.E.  of  the  difference  of  the  proportions  is 


/ 22  X78  ,  46X54 
^  55  +  52 


8.9% 


The  observed  difference  is  24  per  cent  which  is  over  2^  times  the 
S.E.  of  the  difference  between  these  proportions  ;  the  probability 
of  this  difference  occurring  by  chance  is  less  than  1  in  80. 
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Such  differences  in  mortality  rate  are  the  simplest  measures 
of  effectiveness  of  the  streptomycin  treatment,  but  it  is  obviously 
desirable  to  take  account  of  other  factors  in  making  a  final 
assessment. 

Radiological  Appearances.  At  the  end  of  six  months  the  radio¬ 
logical  assessment  was  “considerable  improvement”  in  28  of  55 
S  patients  (51  per  cent)  and  in  4  of  52  C  patients  (8  per  cent). 
The  probability  of  such  a  difference  occurring  by  chance  is  less  than 

1  in  10  million. 

It  was  also  shown  that  the  greater  radiological  improvement 
seen  in  the  8  cases  was  mainly  in  patients  who  were  clinically 
acutely  ill  on  admission.  Thus  among  patients  having  initial 
evening  temperatures  of  101°F.  or  over,  13  of  24  S  patients  and 

2  of  19  C  patients  showed  radiological  improvement,  clearly  a 
significant  difference.* 

Other  Factors.  Changes  in  general  condition,  temperature,  body 
weight,  sedimentation  rate  and  bacillary  content  of  the  sputum 
were  considered  but  are  more  difficult  to  evaluate  numerically. 
The  toxicity  of  streptomycin,  and  the  development  of  drug 
resistance,  were  of  course  also  studied  but  will  not  be  discussed 
further  here  as  they  have  been  dealt  with  in  Chap.  7. 

This  investigation  has  been  discussed  in  detail  (though  by  no 
means  exhaustively)  to  illustrate  how  a  therapeutic  experiment 
can  be  designed  and  carried  out.  It  will  be  noted  that  the  cases 
were  of  only  one  type  of  pulmonary  tuberculosis  and  the  results 
here  recorded  might  not  apply  to  other  types  of  the  disease. 
Moreover  a  fixed  daily  dose  (2  G.)  of  streptomycin  was  given. 
It  is  clear  then  that  further  questions  remain  to  be  answered, 
but  it  should  at  least  be  salutary  to  those  who  regard  the  thera¬ 
peutic  assessment  of  a  drug  as  a  simple  problem,  to  realize  how 
much  work  is  required  for  the  design,  performance  and  interpreta¬ 
tion  of  such  an  experiment. 


Anticoagulant  Therapy  of  Coronary  Thrombosis 
with  Myocardial  Infarction 

Another  illustration  of  a  controlled  therapeutic  test  is  provided 
by  some  recent  American  work  reported  by  Wright  et  al.  (1948). 


*It  will  be  noticed  that  the  numbers  of  individuals  in  tins  case  are  small, 
and  the  significance  of  the  differences  would  have  to  be  assessed  by  the  t-test 
previously  mentioned  (p.  389). 
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The  problem  was  to  assess  the  value  of  anticoagulant  therapy  in 
coronary  thrombosis  with  myocardial  infarction  ;  the  possible 
modes  of  benefit  have  been  considered  in  Chap.  14.  A  special 
committee  was  appointed  in  1946  by  the  Board  of  Directors 
of  the  American  Heart  Association  to  consider  the  question,  and 
it  was  arranged  that  patients  should  be  studied  in  16  hospitals  in 
different  parts  of  the  U.S.A.  The  results  reported  relate  to  800 
cases. 

The  principles  of  administration  of  the  anticoagulants  were 
briefly  outlined.  Heparin,  if  used,  was  given  only  during  the 
first  48  hours  of  treatment,  and  generally  dicoumarol  alone  was 
the  basic  anticoagulant  throughout  this  work.  The  dosage  of  the 
latter  was  regulated  to  keep  the  prothrombin  time  between  30  and 
50  sec.  (normal  =  15-17  sec.;  30-40  sec.  =  10-20  per  cent  of  normal 
prothrombin  level).  Dicoumarol  therapy  was  maintained  for  at 
least  30  days,  and  preferably  for  30  days  after  the  last  thrombo¬ 
embolic  episode.  The  method  of  allocation  of  patients  to  the 
Control  and  Treated  groups  was  simple,  viz.  those  admitted  on 
even  days  of  the  month  served  as  controls,  and  those  admitted  on 
odd  days  were  given  anticoagulant  therapy.  The  following  table 
shows  how  this  method  of  selection  caused  a  very  satisfactory 
distribution  of  the  patients  according  to  age,  sex,  etc.,  between 
the  two  groups  : — 


Table  18 


Controls 

Treated 

Number 

368 

432 

Average  Age 

60  years 

59  vears 

%  males 

77% 

76% 

One  or  more  previous 
infarctions 

24% 

22  % 

Illness  “severe”  at 

onset 

23% 

30% 

Anticoagulants 

In  12%  after 

81  %  Dicoumarol  alone 

• 

complications 

14%  Dicoumarol -(-Heparin 

5  %  Anticoagulants  not  given 
(owing  to  contraindications 
in  3%,  and  errors  in  2%). 
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It  will  be  noted  from  the  table  that  12  per  cent  of  controls  were 
later  given  anticoagulants  ;  it  is  also  interesting  to  find  that  3  per 
cent  of  the  patients  allocated  to  the  treated  group  were  considered 
unsuitable  for  anticoagulant  therapy  owing  to  renal  or  hepatic 
disease,  or  haemorrhagic  states. 

The  effects  of  anticoagulant  therapy  were  assessed  in  a  number  of 
ways.  The  simplest  numerical  expression  of  the  difference  between 
the  two  groups  is  provided  by  the  respective  mortality  rates — 
24  per  cent  in  the  controls,  14.9  per  cent  in  the  treated  group. 
By  calculating  the  standard  error  of  the  difference  between  these 
proportions  it  is  shown  that  such  a  difference  would  occur  by 
chance  once  in  900  tests. 

The  difference  between  treated  and  untreated  cases  could  also 
be  tested  by  calculating  y2  from  the  “Fourfold"  Table  as  follows  : 


Table  19 


No.  survived 
No.  died 


Number  of  Individuals  Total 

Treated  Not  Treated 
367  (a)  280  (c)  647  (a  +  c) 

65(b)  88(d)  153  (b  +  d) 


432  (a  +  b)  368  (c  +  d) 


(ad-bc)2(a  +  b  +  c  +  d)  (32296 - 18200) 2( 800)  _  1ft  1 

=  (a  +  b)(c  +  d)(a  +  c)(b  +  d) “  (432  x  368  X  647  X  153) 


To  find  the  value  of  P  the  table  of  y2  in  Statistical  Methods  for 
Research  Workers  by  Fisher  (1946)  is  consorted  The  value 
of  P  when  y 2  =  1 0 . 1  and  n  (degrees  of  freedom)-l,  is  0.0016. 
This  means  that  the  likelihood  of  such  a  difference  arising  by 
chance  is  about  1  in  C30.  These  results  show  how  even  sma 
percentage  differences  .nay  be  significant  when  large  numbers 

of  individuals  occur  in  each  group.  (  . 

Another  important  observation  reveals  the  benefits  of  ant  - 

coagulant  therapy  as  follows 


Thromboembolic  Complications 

before  Death  •••  •••  10  0 
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This  difference  would  occur  by  chance  less  than  1  in  10,000  times. 
Other  data  such  as  the  death  rates  during  different  weeks  of  the  ill¬ 
ness.  death  rates  by  age  groups,  and  types  and  locations  ot 
thrombo-embolic  complications  all  showed  differences  between  the  * 
control  and  treated  groups,  whose  significance  varied  in  such  a  way 
as  to  suggest  that  the  effects  of  anticoagulant  therapy  were  most 
marked  during  the  first  four  weeks  of  the  illness,  and  that  the 
benefits  were  much  greater  in  patients  over,  than  in  those  under, 
60  years  of  age. 

The  frequency  of  complications  must  of  course  be  set  against 
the  benefits  of  this  form  of  treatment.  Haemorrhage  of  various 
kinds  is  the  only  serious  hazard,  and  was  observed  in  6  per  cent 
of  the  control  series  and  12.4  per  cent  of  the  treated  cases. 
Bleeding  attributable  to  the  anticoagulants  occurred  in  7  per  cent 
of  all  treated  patients.  Of  these  30  cases,  15  were  classified  as 
mild,  14  as  moderate,  and  only  one  as  severe. 

The  figures  given  in  this  report  support  the  interpretation  that 
anticoagulants  improve  the  outlook  for  patients  with  coronary 
occlusion  and  myocardial  infarction,  and  that,  with  proper 
laboratory  control  of  the  plasma  prothrombin  level  (at  10-20  per 
cent  of  the  normal),  the  occurrence  of  Inemorrhage  rarely  neces¬ 
sitates  cessation  of  treatment. 
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CHAPTER  18 


THE  CONTROL  OF  THE  BODY  FUNCTIONS 
BY  CHEMICAL  SUBSTANCES 

One  of  the  most  important  developments  in  modern  pharma¬ 
cology  is  the  increasing  realization  that  a  number  of  processes 
which  occur  in  the  body,  under  normal  and  abnormal  conditions, 
are  under  the  control  of  chemical  substances  which,  one  by  one, 
are  being  identified.  It  has  long  been  known  that  the  changes 
which  occur  in  a  single  cell,  obscure  as  they  are,  must  be  essentially 
of  a  physico-chemical  nature.  But  the  mechanisms  by  which  the 
activities  of  cells  are  correlated  and  co-ordinated  in  a  multicellular 
organism  arc  only  gradually  being  elucidated.  Ihe  discovery  of 
hormones  marked  a  vital  stage  in  this  elucidation.  It  was  then, 
for  a  time,  believed  that  the  hormonic  mechanism  of  control, 
superimposed  on  and  additional  to  that  of  the  nervous  system, 
involved  the  production  of  chemical  substances,  while  the  activity 
of  the  nervous  system,  central  and  peripheral,  was  dependent  on 
changes  which  were  essentially  physical  in  nature.  But  the  work 
and  speculations  of  Elliot,  Loewi  and  Dale  presently  showed  how 
important  a  part  is  played  by  chemical  substances  in  the  trans¬ 
mission  of  the  nervous  impulse  from  the  nerve  to  the  affected 
organ,  muscle  or  gland,  and  in  the  ganglia.  And  their  pupils  are 
now  investigating  to  what  extent  these  substances  are  also  con¬ 
cerned  in  the  transmission  of  the  impulse  in  the  central  nervous 
system. 

Another  aspect  of  this  same  problem  was  opened  up  when  it  was 
realized  that  substances  present  in  the  food  were  also  closely 
concerned  in  maintaining  the  normal  activities  of  the  body.  It  is 
difficult  to  believe,  now  that  several  dozen  vitamins  are  already 
known,  that  it  is  less  than  40  years  ago  that  Hopkins  made  his 
original  investigations  on  the  effect  of  “accessory  food  factors” 
on  the  growth  of  rats.  What  makes  these  substances  all  the  more 
interesting  is  the  fact  that  some  of  them  can  be  produced  in  the 
body  of  some  animals,  and  that  there  is,  in  fact,  no  fundamental 
demarcation  between  vitamins  and  hormones. 
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Chemical  substances  too,  are  responsible  for  the  processes  of 
differentiation  of  organs  which  occur  during  development.  These 
substances  have  been  called  “organizers”  and  their  chemical  nature 
requires  much  further  investigation.  Again,  it  is  significant  that 
the  differentiation  of  certain  sex  organs  is  under  the  influence  of 
the  hormones  which  are  concerned  in  the  control  of  sexual  activity 
in  the  adult,  so  that  the  difference  between  hormones  and  or¬ 
ganisers  is  by  no  means  sharp  and  clear  cut. 

The  processes  so  far  discussed  are  concerned  with  growth, 
differentiation  and  functional  activity  of  the  organism.  Recently, 
however,  it  has  been  shown  that  chemical  substances  not  only 
control  these  changes  in  the  growing  and  formed  organism,  but 
that  they  may  even  be  responsible  for  the  formation  of  new  types 
of  organisms.  Muller  first  showed  that  mutations,  which  are 
probably  responsible,  together  with  natural  selection,  for  the 
development  of  new  species,  can  be  elicited  by  the  action  of  X-rays 
and  other  forms  of  radiation.  There  has  indeed  been  speculation 
as  to  whether  radiant  energy  may  not  be  responsible  for  most  of 
the  mutations  which  have  occurred  in  the  course  of  evolution. 


But  in  1941  it  was  found  that  certain  chemical  substances  can 
produce  mutations,  and  mutagens,  as  these  substances  were 
called,  are  now  being  actively  investigated,  partly  in  the  hope  that 
specific  effects  may  be  discovered,  and  the  process  of  mutation 


thus  be  selectively  influenced. 

Lastly,  it  must  be  realized  that  chemical  substances  produced 
in  the  body  or  derived  from  external  sources  not  only  can  control 
and  co-ordinate  the  activity  of  the  cells  which  make  up  a  multi¬ 
cellular  organism,  but  that  they  can  also  create  a  certain  degree 
of  dissociation,  which  makes  part  of  the  organism  independent 
of  the  rest,  frequently  leading  to  its  death.  Such  effects  are 
produced  by  carcinogenic  substances  which  can  transform  normal 
into  malignant  cells.  The  carcinogens  can  certainly  be  introduced 
from  outside,  and  may  be  produced  in  the  organism  as  a  result  of 
abnormal  metabolic  processes,  perhaps  involving  steroids.  It  is 
not  really  known  how  these  carcinogenic  substances  produce 
their  effect,  but  it  is  an  interesting  speculation  that  they  do  so 
by  inducing  mutations  in  somatic  cells  which  then  acquire  a 
measure  of  independence  from  their  environment  If  so  ,  mutage: n 
nnd  carcinogens  would  be  similar  substances  acting  at  differen 
st^es  of ThTlife  cycle,  the  mutagens  affecting  the  sex  cells  and  the 
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carcinogens  acting  on  somatic  cells,  usually  of  the  fully  developed 

organism.  ~ 

The  substances  which  reach  the  circulating  fluids  and  aitect 

the  activities  of  the  cell  can  he  described  under  the  following 
headings.  Some  of  the  definitions  have  been  taken  from  the 

discussion  by  Houssay  (1946)  : — 

(1)  Hormones,  which  are  specific  chemical  substances  produced 
by  an  organ  or  tissue  and  which,  after  being  discharged  into  the 
circulating  fluids,  may  reach  all  parts  of  the  organism  and  in 
small  amounts  markedly  influence  the  functioning  of  other  organs 
or  systems  without  themselves  contributing  important  quantities 
of  matter  or  energy. 

(2)  Chemical  mediators  of  nerve  action,  liberated  by  nerve 
endings  in  close  vicinity  of  effector  organs  or  nerve  cells  and 
exerting  a  localized  action.  It  is  possible  that  similar  substances 
are  also  involved  in  the  transmission  of  impulses  in  the  central 
nervous  system. 

(3)  Vitamins,  which  are  organic  chemical  regulators  contained 
in  the  food.  The  nutritive  substances  in  the  food  are  of  course  also 
essential,  in  the  final  analysis,  for  the  activities  of  the  organism. 

(4)  Excretory  products  which  nevertheless  also  perform 
important  regulatory  functions,  e.g.  carbon  dioxide. 

(5)  Organisers  which  are  embryonic  substances  of  regional 
origin  and  govern  the  differentiation  of  a  determined  organ,  even 
if  transferred  to  another  zone  of  the  body,  or  cultivated  in  vitro. 

(6)  Carcinogens  capable  of  changing  normal  cells  into  malignant 
ones. 

(7)  Mutagens,  which  act  on  the  nucleus  and  change  its  in¬ 
heritable  material. 

(8)  Drugs  introduced  from  the  outside  which  produce  pharma¬ 
cological  effects  in  the  body. 

Modern  pharmacology  is  vitally  interested  in  the  mechanisms 
by  which  drugs,  defined  as  chemical  agents  foreign  to  the  body, 
interact  with  systems  of  control  present  within  the  body.  It  is 
of  course  still  true  that  in  many  instances,  e.g.  the  action  of  mor¬ 
phine,  the  mechanisms  by  which  drugs  produce  their  effects  are 
unknown,  but  in  other  fields  some  progress  has  been  made.  For 
example,  the  pharmacological  actions  of  anticholinesterase  drugs 
are  almost,  if  not  entirely,  due  to  their  power  of  inhibiting  the 
enzyme,  cholinesterase,  and  the  many  different  actions  of  vitamin 
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Chemical  substances  too,  are  responsible  for  the  processes  of 
differentiation  of  organs  which  occur  during  development.  These 
substances  have  been  called  “organizers”  and  their  chemical  nature 
requires  much  further  investigation.  Again,  it  is  significant  that 
the  differentiation  of  certain  sex  organs  is  under  the  influence  of 
the  hormones  which  are  concerned  in  the  control  of  sexual  activity 
in  the  adult,  so  that  the  difference  between  hormones  and  or¬ 
ganisers  is  by  no  means  sharp  and  clear  cut. 

The  processes  so  far  discussed  are  concerned  with  growth, 
differentiation  and  functional  activity  of  the  organism.  Recently, 
however,  it  has  been  shown  that  chemical  substances  not  only 
control  these  changes  in  the  growing  and  formed  organism,  but 
that  they  may  even  be  responsible  for  the  formation  of  new  types 
of  organisms.  Muller  first  showed  that  mutations,  which  are 
probably  responsible,  together  with  natural  selection,  for  the 
development  of  new  species,  can  be  elicited  by  the  action  of  X-rays 
and  other  forms  of  radiation.  There  has  indeed  been  speculation 
as  to  whether  radiant  energy  may  not  be  responsible  ior  most  of 
the  mutations  which  have  occurred  in  the  course  of  evolution. 
But  in  1941  it  was  found  that  certain  chemical  substances  can 


produce  mutations,  and  mutagens,  as  these  substances  were 
called,  are  now  being  actively  investigated,  partly  in  the  hope  that 
specific  effects  may  be  discovered,  and  the  process  of  mutation 
thus  be  selectively  influenced. 

Lastly,  it  must  be  realized  that  chemical  substances  produced 
in  the  body  or  derived  from  external  sources  not  only  can  control 
and  co-ordinate  the  activity  of  the  cells  which  make  up  a  multi¬ 
cellular  organism,  but  that  they  can  also  create  a  certain  degree 
of  dissociation,  which  makes  part  of  the  organism  independent 
of  the  rest,  frequently  leading  to  its  death.  Such  effects  are 
produced  by  carcinogenic  substances  which  can  transform  normal 
into  malignant  cells.  The  carcinogens  can  certainly  be  introduced 
from  outside,  and  may  be  produced  in  the  organism  as  a  result  of 
abnormal  metabolic  processes,  perhaps  involving  steroids.  It  is 
not  really  known  how  these  carcinogenic  substances  produce 
their  effect,  but  it  is  an  interesting  speculation  that  they  o  so 
by  inducing  mutations  in  somatic  cells  which  then  acquire  a 
measure  of  Independence  from  their  environment  If  so.  outage 
and  carcinogens  would  be  similar  substances  act, ng  at  c I  ffere 
stages  of  the  life  cycle,  the  mutagens  affecting  the  sex  tells  and 
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carcinogens  acting  on  somatic  cells,  usually  of  the  fully  developed 

organism.  „ 

The  substances  which  reach  the  circulating  fluids  and  affect 
the  activities  of  the  cell  can  be  described  under  the  following 
headings.  Some  of  the  definitions  have  been  taken  from  the 

discussion  by  Houssay  (1946)  : — 

(1)  Hormones,  which  are  specific  chemical  substances  produced 
by  an  organ  or  tissue  and  which,  after  being  discharged  into  the 
circulating  fluids,  may  reach  all  parts  ol  the  organism  and  in 
small  amounts  markedly  influence  the  functioning  of  other  organs 
or  systems  without  themselves  contributing  important  quantities 
of  matter  or  energy. 

(2)  Chemical  mediators  of  nerve  action,  liberated  by  nerve 
endings  in  close  vicinity  of  effector  organs  or  nerve  cells  and 
exerting  a  localized  action.  It  is  possible  that  similar  substances 
are  also  involved  in  the  transmission  of  impulses  in  the  central 
nervous  system. 

(3)  Vitamins,  which  are  organic  chemical  regulators  contained 
in  the  food.  The  nutritive  substances  in  the  food  are  of  course  also 
essential,  in  the  final  analysis,  for  the  activities  of  the  organism. 

(4)  Excretory  products  which  nevertheless  also  perform 
important  regulatory  functions,  e.g.  carbon  dioxide. 

(5)  Organisers  which  are  embryonic  substances  of  regional 
origin  and  govern  the  differentiation  of  a  determined  organ,  even 
if  transferred  to  another  zone  of  the  body,  or  cultivated  in  vitro. 

(6)  Carcinogens  capable  of  changing  normal  cells  into  malignant 
ones. 

(7)  Mutagens,  which  act  on  the  nucleus  and  change  its  in¬ 
heritable  material. 

(8)  Drugs  introduced  from  the  outside  which  produce  pharma¬ 
cological  effects  in  the  body. 

Modern  pharmacology  is  vitally  interested  in  the  mechanisms 
by  which  drugs,  defined  as  chemical  agents  foreign  to  the  body, 
interact  with  systems  of  control  present  within  the  body.  It  "is 
of  course  still  true  that  in  many  instances,  e.g.  the  action  of  mor¬ 
phine,  the  mechanisms  by  which  drugs  produce  their  effects  are 
unknown,  but  in  other  fields  some  progress  has  been  made.  For 
example,  the  pharmacological  actions  of  anticholinesterase  drugs 
are  almost,  if  not  entirely,  due  to  their  power  of  inhibiting  the 
enzyme,  cholinesterase,  and  the  many  different  actions  of  vitamin 


400  CONTROL  OF  THE  BODY  FUNCTIONS 

analogues  may  be  ascribed  to  their  antagonism  towards  the 
vitamins  with  which  they  are  chemically  related.  It  would  per¬ 
haps  appear  that  the  most  fruitful  field  of  the  future  will  be  a 
study  of  the  various  ways  in  which  drugs  can  modify  the  activi¬ 
ties  of  constituents  of  the  cell,  especially  cellular  enzymes,  and 
increasing  knowledge  of  these  and  other  types  of  interaction  may 
help  to  fulfil  the  hope  that  ultimately  the  effects  of  all  drugs  will 
be  expressed  in  such  terms,  thus  leading  not  only  to  their  more 
rational  use,  but  also  to  more  complete  control  of  bodily  pro¬ 
cesses  by  means  of  drugs. 
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relation  to  rheumatoid  arthritis, 
109 

study  by  cytochemical  method, 
347 

synthesis  of  cholesterol  by,  1 02 
Adrenaline,  biological  synthesis  of, 
358,  359 

with  penicillin  preparations,  144 
Adrenocorticotrophic  hormone 
(ACTH),  112-114 
availability,  114 
effect  on  eosinophils,  115 
in  treatment  of  rheumatoid 
arthritis,  113 

production  of  effect  by  peptide, 
114 

properties,  113 

relation  to  adrenal  cortex,  112, 
113 

toxic  effects,  113 
value  in  allergic  conditions,  113 
i^tiocholane,  99 

Agranulocytosis,  due  to  drugs,  89 
produced  by  antithyroid  sub¬ 
stances,  130 

produced  by  urethane,  227 
Allenolic  acid,  119,  120 
Allergic  hypersensitivity,  371 
Allergy,  definition,  87 

treatment  with  ACTH,  113 
Allyl  iso-thiocyanate  (mustard  oil), 
234 

Aluminium  monostearate,  with 
procaine  penicillin,  143 
A-methopterin,  218,  334 
Amidone  (Physeptone),  actions  of, 
259-261 

and  addiction,  251,  256,  260, 
261 

administration  and  dosage,  261 
as  analgesic  in  man,  245,  247, 
249,  259 
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Amidone  (Physeptone),  comparison 
with  morphine,  243,  245,  247, 
251,  256,  259,  260,  264 
comparison  with  pethidine,  245, 
247,  251,  256,  259,  264 
formula,  241 
in  animal  tests,  243 
metabolism  of,  262 
on  respiration,  259 
side  effects,  260 

Amidopyrine,  and  agranulocytosis, 
89 

and  “fixed  drug  eruption,”  90 
Amino  acid  antagonists,  333,  334 
Amino-an-fol,  218 
p-aminobenzoic  acid,  effect  on 
action  of  PAS,  169 
effect  on  action  of  thiosemicar- 
bazones,  172 

in  synthesis  of  folic  acid,  328,  329 
relation  to  sulphonamide  action, 
328,  329 

p-aminohippuric  acid,  340 
Aminopterin,  218 
p-aminosalicylic  acid  (PAS),  169- 
171 

clinical  use  of,  171 
combination  with  streptomycin, 
161,  170 

compound  with  streptomycin, 
161 

development  of  resistance  to,  171 
dosage,  171 

effect  of  carinamide  on  excretion, 
171 

metabolism  of,  170,  171 
value  in  experimental  infections, 
170 

Amoebiasis,  effect  of  aureomycin, 

178 

Anaemia,  iron  deficiency,  279,  283- 
285 

pernicious,  286-289,  293-297 
Anaesthetics,  mode  of  action,  325 
Analgesic  drugs,  238-268,  368,  372, 
374,  375 

Amidone  (Physeptone),  241-243, 
245,  247,  249,  251,  259-262, 
264 

chemical  structure,  239-242 
clinical  assessment,  248,  249 
evaluation  of  addiction  poten¬ 
tialities,  249-253 
intravenous  procaine,  247,  248, 
263,  264 


Analgesic  drugs,  methods  for  evalu¬ 
ating,  in  animals,  242-243 
in  man,  243-248 
ischaemic  pain,  246-248 
radiant  heat,  244-246 
metopon,  239,  240,  248,  262, 

263 

morphinans,  239 
morphine,  239,  240,  242-246, 
248,  251-253,  254-262,  264, 
399 

morphine  derivatives,  239,  240, 
242,  251,  253 

other  amidones,  241,  242,  261, 
262 

pethidine,  240,  243,  245,  247, 
251,  253-258,  259,  261,  262, 

264 

/3-pethidine,  240 

phenadoxone  (Heptalgin),  242, 
261,  262 

piperidine  derivatives,  240,  241 
Anaphylaxis,  antigen-antibody  re¬ 
action  in,  62 
heparin  liberation  in,  63 
histamine  liberation  in,  62,  63 
“intrinsic”  and  “extrinsic”  his¬ 
tamine  actions  in,  63 
“slow  reacting  substance”  in,  64 
species  variation  in  response,  62 
Androgen,  assay  of,  105,  106 
derivation  from  cholesterol,  102 
effect  on  acid  phosphatase  pro¬ 
duction,  220 

effect  on  cancer  of  the  breast,  221, 
222 

effect  on  cancer  of  the  prostate,  219 
relation  to  folic  acid,  333 
site  of  production  of,  104 
Androstane,  99 
Androsterone,  105 
Angina  pectoris,  treatment  with 
thiouracil,  131 

Antacids,  use  with  oral  penicillin, 
146 

“Antalgics,”  238 

Anthisan,  66  et  seq.  (see  mepyra- 
mine) 

Anthrax,  effect  of  aureomycin,  178 
Antibodies,  formation  of  in  body, 
359-361 

Anticholinesterase  drugs,  1-20 

chemical  formulae,  5,  6 

diisopropylfluorophosphonate 

(DFP),  5-20,  30 


INDEX 


Anticholinesterase  drugs,  hexa- 
ethyltetraphosphate  (HETP), 
5-7,  12,  13,  18 

neostigmine  (prostigmine),  3,  5, 

6,  8-12,  15-18,  30 
physostigmine  (eserine),  3-5,  8,  9, 
12,  14,  17,  30 

tetraethylpyrophosphate 

(TEPP),  6,  8,  9,  12,  13,  17-20, 
30 

Anti-coagulant  drugs,  302-320, 392- 
395 

administration  and  dosage,  316, 
317 

antagonists  to,  317,  318 
clinical  use  of,  313-319 
contraindications  to  use  of,  319 
dicoumarol,  306-311,  315-319 
experimental  studies,  313 
general  uses  of,  312,  313 
heparin,  302-306,  312-319 
in  coronary  thrombosis,  315, 
392-395 

in  decubitus  thrombosis,  313, 

314 

in  post-operative  thrombosis, 

315 

in  treatment  of  thrombosis,  313 
sodium  salicylate  and  hypopro- 
thrombinaemia,  308 
toxic  actions  of,  318,  319,  395 
“Tromexan,”  310-312 
Antihistamine  drugs,  00-86,  368, 
372 

absorption  and  excretion,  73,  74, 
80 

action  on  vomiting  centre,  79 
administration  and  dosage,  80 
against  “extrinsic”  histamine,  63 
against  histamine  actions,  68,  69 
against  “intrinsic”  histamine,  03 
antergan,  65,  66,  08 
anthisan  (see  mepyramine),  00 
et  seq. 

anti-acetylcholine  action,  73 
anti-adrenaline  action,  73 
anti-allergic  actions,  72 
anti-anaphylactic  actions,  71,  72 
antistin,  67,  68,  70,  72,  75,  76, 
79-83 

arteriolar  spasm  from,  70 
benadryl  (diphenhydramine),  66, 
68-76,  79,  80,  82,  83 
N-  (2-chlorethyl)-N-et  hyl-1  - 
naphthalenemethylamine,  68 
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Antihistamine  drugs,  chlorothen,  68 
clinical  uses,  74-83 
comparative  potencies,  68-70 
death  from  overdosage,  82 
dosage,  80 
“dramamine,”  79 
duration  of  action,  80,  81 
effect  on  activity  of  histaminase, 
336 

for  histamine  identification  in 
tissues,  69 
hetramine,  68 
“histantin,”  83 
in  acute  nephritis,  78 
in  asthma,  76,  77 
in  common  cold,  78 
in  dermographism,  75 
in  hay  fever,  76 
in  Parkinsonism,  78,  79 
in  perennial  allergic  rhinitis,  76 
in  seasickness,  79 
in  serum  sickness,  75,  76 
in  skin  diseases  (other  than  urti¬ 
caria),  77,  78 
in  urticaria,  75,  76 
2  -  isopropyl  -  5  -  methylplienoxy- 
ethyldiethylamine  (929F),  65, 
66 

local  anaesthetic  actions,  72,  73 
mepyramine  (anthisan,  neoan- 
tergan),  66,  68-70,  72-76,  78-82 
miscellaneous  uses,  78 
mode  of  action,  65,  335,  336 
neoantergan  (see  mepyramine), 

66  et  seq. 
neohetramine,  68 
on  capillary  permeability,  69,  70, 

71 

on  central  nervous  system,  73, 
78,  79 

on  gastric  secretion,  72 
on  hyaluronidase,  73 
phenergan  (see  promethazine), 

67  et  seq. 

piperidinomethyl  -  2  -  benzodi- 
oxane  (933F),  65 
promethazine  (phenergan,  3277 
R.P.),  67-70,  72,  75,  80-83 
pyribenzamine  (tripelennamine), 
66,  68-78,  80-83 
quinidine-like  action,  73 
thephorin  (phenindamine),  67, 
68,  78,  82 

therapeutic  uses,  74-83 
toxic  effects,  81,  82 
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Antimalarial  drugs,  chloroquine, 
201-204 

formulae,  193,  194 
in  treatment  of  malaria,  204-207 
isopentaquine,  199 
mepacrine,  201-204 
methods  of  investigation,  192 
pamaquin,  199-201 
pentaquine,  199-201 
proguanil,  194-199 
quinine,  188,  193,  204-207 
resistance  to,  195,  196 
Antimony,  reaction  with  BAL,  338 
Antithyroid  drugs,  126-131, 370, 372 
agranulocytosis  from,  89,  130 
clinical  use  of,  129-131 
discovery  of,  126,  127 
dosage,  129 

dosage  and  allergy  to,  94 
effects  in  animals,  127 
effects  on  the  thyroid,  127,  128, 
129 

mechanism  of  action,  127,  128 
metabolism  of,  128,  129 
sensitization  to,  87,  88,  89,  91,  92 
toxic  effects,  89,  91,  92,  130,  131 
value  of  different  compounds, 
130,  131 

Antrycide,  210-215 
clinical  use,  213-215 
estimation,  212 
formula,  211 
metabolism,  211,  212 
properties,  211 
resistance  to,  213 
toxicity,  213 

trypanocidal  properties,  212 
Apoferritin,  273,  274 
Application  of  statistical  methods, 
anticoagulants  in  coronary 
thrombosis,  392-395 
streptomycin  in  pulmonary 
tuberculosis,  389-392 
Arsenicals,  reaction  with  thiol  com¬ 
pounds,  336 

Arsphenamines,  agranulocytosis 
from,  89 

asthma  and  rhinitis  from,  89 
combination  with  plasma  proteins, 
96 

“fixed  drug  eruption”  from,  90 
hepatitis  from,  89 
specificity  of  sensitization  to,  93 
Ascorbic  acid,  with  deoxycortone  in 
arthritis,  115 


Ascorbic  acid,  with  other  steroids 
in  arthritis,  115 

Aspirin,  238,  243,  245,  257  (see 
acetylsalicylic  acid) 

Asthma,  76,  77,  89 
Aureomycin,  172,  176-178 
assay,  177 

clinical  use,  177,  178 
metabolism,  177,  178 
properties,  176 
range  of  actions,  176,  177 
toxicity,  177 

Auricular  fibrillation,  effect  of 
thiouracil  compounds  on,  129 
Autoradiograph,  355 

in  investigation  of  antibody  for¬ 
mation,  361 
of  thyroid  gland,  122 
use  in  thyroid  research,  122 
Azo-proteins,  in  skin  sensitization, 
95,  96 

BAL,  336-341  (see  dimercaprol) 

BAL  glycoside,  338,  339 
Barbiturates,  “fixed  drug  eruption” 
from,  90 

skin  eruptions  from,  89 
Bemidone,  240 
Benzoestrol,  119,  120 
Benzoic  acid,  and  metabolism  of 
tubercle  bacilli,  169 
Benzyl  thiouracil,  metabolism  of, 
128,  129 

Biguanide  structure,  in  antimalarial 
activity,  194 

Biological  Assay,  347-349 
Bismuth,  reaction  with  BAL,  338, 
340 

Botulinum  toxin,  on  neuromuscular 
transmission,  3 

Brain  tumours,  localization  of,  364, 
365 

Bromides,  erythema  nodosum  from, 
89 

Brucellosis,  treatment  with  aureo¬ 
mycin,  177 

C10,  32  et  seq.  ( see  decamethonium 
iodide) 

Cadmium,  reaction  with  BAL,  338, 
340 

Calciferol,  in  lupus  vulgaris,  162 
Cancer  of  the  breast,  treatment  of, 
221,  222 
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Cancer  of  the  lung,  treatment  of,  224 
of  the  prostate,  acid  phosphatase 
in  diagnosis,  220 
polarographic  method  in  diag¬ 
nosis,  220 

treatment  of,  218-221 
Carbohydrate  metabolism,  effect  of 
cortisone  on,  112 
relation  to  adrenal  cortex,  107 
Carbon  14,  in  study  of  adrenaline 
synthesis,  359 

in  study  of  cholesterol  synthesis, 
102 

Carcinogenic  substances,  produc¬ 
tion  of  mutations  by,  235,  230 
Carinamide  (Caronamide),  effect  on 
excretion  of  PAS,  171 
mode  of  action,  340 
use  with  penicillin,  145,  147 
Castration,  effect  on  cancer  of  the 
prostate,  218 

Cell,  mechanism  of  drug  penetration 
into,  323 

membrane,  properties  of,  323,  324 
nucleus,  effect  of  chemical  sub¬ 
stances  on,  217,  321 
Cetrimide,  skin  sensitization  to, 
91 

Chemical  transmission,  1-5 

at  neuromuscular  junction,  2-5 
in  autonomic  nervous  system,  1 
Chi  squared  test,  387,  388,  394 
Chloramphenicol,  172-176 
assay,  174 

clinical  use,  175,  176 
discovery,  173 
formula,  173 
metabolism,  174 
range  of  activity,  174 
toxicity,  174,  176 

/3-chloroethylamines,  222-225  (see 
nitrogen  mustards) 
Chloromycetin,  172-176  (see 
chloramphenicol) 

Chloroquine,  201-204 
actions,  201,  202 
dosage,  204 
formula,  194 
metabolism,  203,  204 
toxicity,  204 

Cholesterol,  as  source  of  steroid 
hormones,  102 
formula,  100 
presence  in  ovary,  102 
synthesis  of  in  body,  102 


Cholinesterase,  action  of,  2 

cytochemical  demonstration  o  , 

‘  347 

inhibition  of,  5-9  . 

inhibition  and  pharmacological 
action,  8 

in  skeletal  muscle,  2 
kinetics  of  inhibition,  8,  9 
substrates  for,  7 
types  of,  7 

d-Chondrocurarine  Cl,  25 
Chromium,  reaction  with  BAL,  338 
Chromosomes,  effects  of  radiations 
on,  357 

Cinchophen,  and  hepatitis,  89 
Cobalt,  and  erythropoiesis,  292 
Codeine,  251,  257 

Collagen  tissues,  relation  to  corti¬ 
sone,  111 

Colloidal  ferric  hydroxide  (intra¬ 
venous),  281 

ferrous  iron  (intravenous),  281 
Compound  E,  109-112  (see  cortisone) 
Congestive  heart  failure,  treat¬ 
ment  with  thiouracil,  131 
Contact  dermatitis,  transfer  of  skin 
sensitivity,  97 
Conteben,  172 

Coronary  thrombosis,  treatment 
of,  315,  392-395 
Corticosterone,  101 
Corticotrophic  hormone,  cortico- 
trophin,  112-114  (see  adrenocorti- 
cotrophic  hormone) 

Cortisone,  109-112 
dosage,  110,  112 
formula,  109 
in  Addison’s  disease,  112 
in  rheumatic  fever,  111,  112 
in  rheumatoid  arthritis,  110,  111 
mode  of  administration,  110 
toxic  effects,  111 

Cozymase,  in  steroid  metabolism, 
103 

Cretinism,  treatment  with  iodinated 
proteins,  125 
Curare,  23-46 

antagonized  by  acetylcholine,  30 
DFP,  30 
guanidine,  31 
neostigmine,  29,  30 
pliysostigmine,  27,  30 
potassium,  31 
clinical  uses,  41-46 
histamine  liberation  by,  38,  39 
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Curare,  in  convulsive  shook  therapy 
42,  43 

in  spastic  disorders,  42 
in  surgical  anaesthesia,  43,  44 
in  tetanus,  42 
methods  of  assay,  25,  20 
mode  of  action,  26-30 
natural  sources,  23 
on  acetylcholine  release,  4,  26 
on  central  nervous  system,  37,  38 
on  decerebrate  rigidity,  41 
on  end-plate  potential,  27 
on  ganglionic  transmission,  26 
on  neuromuscular  transmission,  4, 
26-30 

Curare  alkaloids,  25 
Curariform  drugs,  368 
1-Curarine  dimethiodide,  25 
Cushing-like  syndrome,  relation 
to  cortisone,  111 

Cytochemical  method,  in  assay  of 
substances,  347 


DBE,  119,  120 

Decamethonium  iodide  32- 

34,  36,  37,  45,  46 
actions  in  normal  man,  36,  37 
and  placental  barrier,  41 
antagonism  by  pentamethonium 
iodide,  34,  36 

anticholinesterase  action,  34 
differences  from  tubocurarine,  34 
for  Caesarean  section,  46 
formula,  32 
general  actions,  33,  34 
in  convulsive  shock  therapy,  46 
in  surgical  anaesthesia,  45,  46 
on  neuromuscular  transmission, 
33 

Dehydroandrosterone,  105 

1 1-dehydrocorticosterone,  101 

Deoxycortone,  deoxycorticosterone, 
actions  of,  102 
assay  of,  364 
formula,  100 

with  ascorbic  acid  in  experi¬ 
mental  arthritis,  1 16 
with  ascorbic  acid  in  rheumatoid 
arthritis,  115 

Desoxycholic  acid,  as  source  of 
cortisone,  109 

Detoxication  of  drugs,  326 

Deuterium,  in  investigation  of 
cholesterol  metabolism,  102 


5  et  set/,  (see  diisopropvl- 
fluorophosphonate) 

Diamine  oxidase,  336 
Diaminodiphenylsulphone,  107 

169 

2,  6-Diaminopurine,  333 
Diamorphine,  242,  253 
Diasone,  167,  168 
Dicoumarol,  306-311,  315-319,  393 
administration  and  dosage,  308, 

317 

and  prothrombin  estimation,  309- 
311,  317,  393,  395 
antagonized  by  blood  transfusion, 

318 

antagonized  by  vitamin  K,  306, 
307,  318 

bleeding  due  to,  308,  318,  319 
clinical  uses,  315-319 
contraindications  to  use,  319 
duration  of  action,  308,  309 
factors  influencing  action  of,  fever, 
308 

liver  and  kidney  damage, 
308 

fate,  310 
formula,  306 

in  coronary  thrombosis,  315,  317, 
393 

in  post-operative  thrombosis,  315- 
317 

in  spoiled  sweet  clover  hay,  306 
mode  of  action,  307,  308,  335 
production  of  hypoprothrombimc- 
mia,  306,  307,  .309-311,  316,  317, 
393,  395 

toxic  effects,  318,  319,  395 
Di-epoxides,  mutagenic  effect  of, 
235 

Digitalis,  368,  369,  372,  374 
therapeutic  ratio  of,  370 
Digitoxin,  labelled  with  radio  car¬ 
bon,  360 

Dihydrostreptomycin,  150,  151, 

158 

Diisopropylf  luorophosphonate 

(DFP),  5-13,  15-20 
anti-cholinesterase  actions,  8,  9 
anti-curare  action,  30 
formula,  6 
in  glaucoma,  20 
in  myasthenia  gravis.  16-18 
on  abdominal  distention,  19.  20 
on  central  nervous  system,  12 
on  cholinesterase,  8,  9 
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Diisopropylfluorophosphonate 

(l)FP),on  electroencephalogram, 

12 

on  eye,  20 

on  human  electromyogram,  11^ 
in  myasthenia  gravis,  10,  17 
on  neuromuscular  transmission, 
10-12,  30 

pharmacological  actions,  9,  10 
Dilaudid,  239,  240,  251 
Dimercaprol,  336-341 
clinical  use,  339,  340 
effect  on  excretion  of  arsenic,  338 
reaction  with  arsenicals,  337,  338 
reaction  with  other  metals,  338 
2:3  dimercaptopropanol,  337  (see 
dimercaprol) 

Dimethyl  ether  of  d-tubocurarine, 
25 

in  surgical  anaesthesia,  45 
Dimidium  bromide,  210 

in  treatment  of  trypanosomiasis, 
214 

2:4  Dinitrochlorobenzene,  as  hap¬ 
ten,  96 

in  experimental  skin  sensitiza¬ 
tion,  90 

variations  in  sensitization  to,  93 
Diodone,  340 

Dithiol  compounds,  337,  338 
Doisynolic  acid,  119,  120 
Drug  allergy,  87-97  (.see  sensitization 
to  drugs) 
fever,  88,  91,  92 
hypersensitivity,  87 
idiosyncrasy,  87 

Egg  production,  effect  of  iodinated 
proteins  on,  126 
Electrolyte  metabolism,  effect  of 
cortisone  on,  112 
relation  to  adrenal  cortex,  107 
Electron  microscope,  in  study  of 
penicillin  action,  148 
Electroscope,  in  detection  of 
ionization,  354 
Enzymes,  and  drug  detoxication, 
326 

effects  of  nitrogen  mustards  on,  223 
effects  of  radiation  on,  356 
properties  of,  216,  324-327 
relation  to  essential  metabolites, 
329 

relation  to  vitamins,  325,  326 
role  in  drug  action,  324 


Ephedrine,  with  penicillin  prepara¬ 
tions,  144 

Epidemic  typhus,  use  of  chloram¬ 
phenicol  in,  176 

Erythrina  alkaloids,  25,  35,  36,  42 
Erythroidine,  25 
actions  of,  35,  36 
in  spastic  disorders,  42 
Eserine,  3  et  seq.  (see  physostigmine) 
Essential  metabolites,  nature  of, 
328,  329 
Esters  of  penicillin,  145 
Ethinyl  cestradiol,  119-121 
clinical  use  of,  120,  121 
Ethisterone,  101 

progestational  action  of,  107 
p-ethylsulphonyl  benzaldehyde 
thiosemicarbazone,  172 
Evaluation  of  drugs  in  man,  368- 
396 

comparison  with  previous 
therapy,  373 

drugs  on  natural  course  of 
disease,  369-371 

exclusion  of  complicating  factors, 
375,  376 

methods  of  assessment  of  drug 
action,  371 

patients  as  their  own  controls, 
372,  373 

psychological  factors,  374,  375 
simultaneous  controls,  373,  374 
statistical  methods,  376-395 
studies  on  selected  cases,  371,  372 
therapeutic  trials,  368  et  seq. 
Exfoliative  dermatitis,  treatment 
with  UAL,  340 

Ferric  chloride,  279 
Ferritin,  272-274,  277 
Ferrivenin,  283,  285 
Ferrous  adenylate  (intravenous), 
281 

Ferrous  ascorbate  (intravenous), 
281 

Ferrous  carbonate,  279 
Ferrous  chloride,  279 
Ferrous  sulphate,  279 
Flaxedil  (R.P.  3697)  actions  in  nor¬ 
mal  man,  37 
actions  of,  32 

antagonism  by  anticholinester¬ 
ases,  32,  37 
formula,  32 

in  surgical  anaesthesia,  37 
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Fluorescence,  in  estimation  of 
drugs,  345 

Folic  acid,  285-2'Jl  (see  pteroyl- 
glutamic  acid) 

Formaldehyde,  mutagenic  effect  of, 
235 

production  of  experimental  arth¬ 
ritis  with, 115,  11G 
treatment  of,  110 
specificity  of  dermatitis  from,  93 

Ganglionic  blocking  agents,  dibu- 
toline,  52 

2  :  6  dimetliyldiethylpiperidi- 
nium  bromide,  52 
lauryldimethylacetoxy  com¬ 
pounds,  52 

pentamethonium  iodide,  33 
tetraethvlammonium  salts,  51- 
55 

ftis-trietliylammonium  salts,  52 
Geiger-Miiller  counter,  354 
Glutamic  acid,  relation  to  penicillin 
action,  148 
“Glyketal,”  50,  51 
Goitrogenic  substances,  120  (see 
also  antithyroid  substances) 

Gold  poisoning,  treatment  with 
BAL,  338,  340 

Gold  salts,  and  agranulocytosis,  89 
Gonorrhoea,  prophylaxis  with  peni¬ 
cillin,  147 

treatment  with  penicillin,  140,  145, 
140 

treatment  with  streptomycin,  140, 
103 

Gout,  treatment  with  cortisone,  111 
Guanozolo,  and  tumour  grow  th,  334, 
335 

Hapten  as  part  of  active  proteins, 
324 

in  drug  sensitization,  95,  90 
Heparin,  302-300  et  seq. 

administration  and  dosage,  304, 
310,  317 

and  experimental  thrombosis,  313 
antagonized  by  protamine  sul¬ 
phate,  304,  317 
chemical  composition,  302 
clinical  uses,  313-319 
distribution  and  fate,  305,  300 
duration  of  action,  304,  305 
general  uses,  312,  313 
in  coronary  thrombosis,  315,  393 


Heparin,  in  decubitus  thrombosis 
313,  314 

in  post-operative  thrombosis,  315 
international  standard  and  unit 
303 

mode  of  action,  303,  304 
source  and  preparation,  303 
toxic  effects,  318,  319 
variations  in  sensitivity  to,  306 
Hepatitis,  drugs  and,  89 
Heptalgin,  242,  261,  262  (.see  phena- 
doxone) 

HETP,  5  et  seq.  (see  hexaetliyltetra- 
phosphate) 

Hexaethyltetraphosphate  (HETP), 
5-7,  12,  13,  18 

anti-cholinesterase  action,  13 
as  insecticide,  12 
in  myasthenia  gravis,  18 
pharmacological  actions,  13 
Histaminase,  effect  of  anti-hista¬ 
mine  drugs  on,  336 
Histamine,  60-65 
and  itching,  61 
distribution  in  tissues,  61 
in  anaphylaxis  and  allergy,  61-65 
in  asthmatic  subjects,  64,  65 
in  human  allergy,  64,  65 
in  nettle  stings,  61 
“intrinsic”  and  “extrinsic”  hista¬ 
mine,  63,  76,  77 
on  blood  pressure,  60 
on  blood  vessels,  60 
on  capillary  permeability,  61 
on  HC1  secretion  by  stomach,  61 
on  pepsin  secretion  by  stomach,  61 
on  peripheral  blood  supply,  363 
on  secretions,  61 
on  smooth  muscle,  60 
release  from  tissues,  61 
“triple  response”  in  skin,  60 
Hodgkin’s  disease,  treatment  with 
nitrogen  mustard,  224,  225 
Hydrogen  transfer,  relation  to  peni¬ 
cillin  action,  149 

17  -  hydroxy  -  11  -  dehydrocorti¬ 
costerone,  109  ( see  cortisone) 

3  -  hydroxy  -  N  -  methylmorphi- 
nan, 239 

Hyoscine,  against  seasickness,  79 
Hypertension,  use  of  TEA  in,  54 
Hyperthyroidism,  treatment  with 
radio  iodine,  132,  133 
treatment  with  thiouraeil  com¬ 
pounds,  129-131 
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Hypophysectomy,  effect  on  thyroid, 
1'23 

Infantile  gastro- enteritis,  treat¬ 
ment  with  chloramphenicol,  176 
treatment  with  streptomycin,  163 
Iodides,  drug  fever  from,  91 
Iodinated  proteins,  125,  126 
Iodine,  effect  on  thyroid  activity,  1 29 
effect  on  thyroxine  synthesis,  123 
in  treatment  of  hyperthyroidism, 
130 

metabolism  of,  122 
radioactive  iodine,  131-134  (see 
also  radio-iodine) 

uptake  by  thyroid,  122,  123,  127 
5-iodo-thiouracil,  130 
Ionization  (of  atoms),  354 

in  detection  of  radiations,  354 
Iron,  269-285 

absorption,  269-274 

controlling  mechanisms,  272 
factors  influencing,  270-272 
ferritin  and,  272-274 
HC1  and,  270 

in  chronic  haemorrhagic  anaemia, 
270-272,  274 

in  stomach  and  small  intestine, 

270 

of  ferrous  and  ferric  salts,  270, 

271 

of  radioactive  iron,  270-272 
availability  for  haemoglobin  for¬ 
mation,  278 

combination  with  j3x  globulin,  275, 
281 

distribution  and  storage,  276-278 
excretion,  269,  278,  279 
in  bile,  278 

in  menstrual  blood,  278 
in  sweat,  279 
in  urine,  269,  278 
infection  and  metabolism  of,  280 
intravenous,  281-285 
ferrivenin,  283,  285 
preparations,  281,  282 
saccharated  iron  oxide,  281-285 
utilization  of,  276,  281,  283,  284 
irop-binding  capacity  of  serum, 
275,  280,  281 

metabolism  in  haemochromatosis, 
277,  278 

radioactive,  270-272,  274-277,  280 

reserves,  276,  279 

serum  levels  of,  270,  274,  275,  280 
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Iron,  storage  as  ferritin,  277^ 
storage  as  haemosiderin,  277 
transport  in  serum,  274,  275 
utilization,  after  chronic  haemor¬ 
rhage,  270-272 

of  therapeutic  preparations,  279 
Iron  and  ammonium  citrate,  279 
Isopentaquine,  199 
Isotopes,  349-353 

Ketobemidone,  240,  241 
17-Ketosteroids,  assay  of,  105 
Kober  method,  105 

Lactation,  effect  of  iodinated  pro¬ 
teins  on,  125 

effect  of  thyroxine  on,  126 
inhibition  with  ethinyl  oestradiol, 
121 

Lactose,  in  dummy  tablets,  375 
Lead  poisoning,  treatment  with 
BAL,  338,  340 

Leprosy,  treatment  with  sulphones,  • 
169 

Leukaemia,  distribution  of  radio 
phosphorus,  228 
effect  of  folic  acid,  218 
treatment  with  nitrogen  mustard, 
224 

treatment  with  radio  phosphorus, 
228,  229 

treatment  with  urethane,  226 
Lewisite,  reaction  writh  BAL,  338 
Liver,  extract  of,  287-291,  294,  295, 
297,  368,  369,  372 
folic  acid  content  of,  288 
function  in  steroid  metabolism, 
103,  104 

vitamin  B12  content  of,  293 
Lupulon,  167 

Lupus,  treatment  with  streptomycin, 
162 

treatment  with  thiosemicarbazone, 
172 

Malaria,  experimental  infection, 
190,  191 

experimental  investigations,  195 
methods  in  drug  investigation,  192 
treatment  of,  204-207 
Malarial  parasite,  exo-erythrocytic 
forms,  190,  191,  192 
life  cycle,  188-191 
metabolism  of,  187,  188 
resistance  to  antimalarial  drugs, 
195,  196 
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Penicillin,  prolongation  of  action, 
142-146 

sensitization  to,  87 
synthesis,  137 
toxicity,  140,  141 
unit  of,  137 

use  with  earinamide,  145,  146,  147 
urticaria  and  angioneurotic  oedema 
from,  89 

Penicillium  notatum,  137 

mutation  in,  235 

Pentamethonium  iodide,  antago¬ 
nism  to  decamethonium  iodide 
36,  37 
formula,  32 
in  hypertension,  55 
in  normal  man,  37,  55 
on  ganglionic  transmission,  33 
Pentaquine,  199-201 
actions,  200 
dosage,  201 
formula,  193 

in  treatment  of  malaria,  204-207 
metabolism,  199,  200 
toxicity,  200,  201 

Peripheral  vascular  disease,  in¬ 
vestigation  with  radio 
sodium,  362,  363 
•  use  of  TEA  in,  54 
Pethidine,  actions  of,  253-258 
administration  and  dosage,  257 
and  addiction,  255-257 
atropine-like  actions,  253 
clinical  uses,  257 

comparison  with  amidone,  245, 
247,  251,  256,  259,  264 
comparison  with  morphine,  243, 
245,  247,  251,  254-258,  264 
formula,  240 

in  animal  analgesic  tests,  243 
in  labour,  258 
metabolism  of,  254,  255 
on  respiration,  253,  258 
side-effects,  257 
fi-pethidine,  240 

Phenadoxone  (Heptalgin),  242,  261, 
262 

Phenazone,  90 

Phenergan,  67  et  seq.  (see  prome¬ 
thazine) 

Phenol,  and  mutations,  235 
Phenolphthalein,  90 
n-phenylenediamine,  96 
Phenylethylhydantoin  (Nirvanol), 

drug  fever  from,  91 


Phenylethylhydantoin  (Nirvanol), 
sensitization  to,  88 

Phenylpropionoxypiperidine 

derivatives,  241 
Phosphatase  (acid),  220 
Phosphokinase,  relation  to  vesicant 
action,  224 

Phosphorus,  227-230  (see  radio 
phosphorus) 

Phthalyl-hydrazine  derivatives, 

167 

Physeptone,  Chapter  12  (see 
amidone) 

Physostigmine  (Eserine),  antago¬ 
nism  to  DFP,  9,  17 
anticurare  action,  30 
central  nervous  stimulation,  12 
formula,  5 

inhibition  of  cholinesterase,  8 
in  myasthenia  gravis,  14 
mode  of  action,  3-5 
on  neuromuscular  transmission,  3 
Picryl  chloride,  96 
Piperidyl  /soamidone,  242,  262 
Placenta,  study  of  activity  by  cyto- 
chemical  method,  347 
Plague,  treatment  with  streptomy¬ 
cin,  163 

Pneumonia,  treatment  with  oral 
penicillin,  146 
Polarogram,  220 
Polarographic  method,  346 
in  assay  of  androgens,  105 
in  diagnosis  of  cancer,  220 
Polycythaemia  vera,  treatment  with 
radiophosphorus,  228 
Porphyrin  metabolism,  relation  to 
proguanil  action,  198 
Potassium  iodide,  combination 
with  streptomycin,  156 
Pregnane,  99,  100 
fl//o-pregnane,  99,  100 
Pregnanediol,  derivation  from  pro¬ 
gesterone,  103 
estimation  of,  106 
production  of,  104 

Pregnenolone,  progestational  action 

of,  107  . 

Primary  atypical  non-bacterial 
pneumonia,  treatment  with 
aureomycin,  178 
Procaine,  dermatitis  from,  92 

intravenous,  anti-allergic  actions, 
264 

clinical  uses,  263,  264 
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Procaine,  intravenous,  in  vascular 
diseases,  263 

quinidine-like  action,  263 
side-effects,  263 
site  of  analgesic  action,  247 
on  neuromuscular  transmission,  3 
Procaine  penicillin,  141,  143 
Progesterone,  assay  of,  107 
derivation  from  cholesterol,  102 
formvda,  100 
metabolism,  103 
Proguanil  (Paludrine),  194-199 
actions,  195 
discovery,  194 

effect  on  gastric  secretion,  198 
formula,  194 

in  treatment  of  malaria,  204-207 
metabolism,  196,  197 
mode  of  action,  198,  199 
resistance  to,  195,  196 
toxicity,  198 

Promethazine,  compared  with 
mepyramine,  372,  373 
Promin,  167 
Promizole,  167,  168 
Propyl  thiouracil,  clinical  use  of,  131 
metabolism  of,  128,  129 
Prostate,  cancer  of,  218-221 

acid  phosphatase  production,  220 
Prosthetic  group  of  active  proteins, 
324 

Prostigmine,  3  et  seq.  (see  neostig¬ 
mine) 

Protamine  sulphate,  304,  317 
Protein  metabolism,  relation  to 
adrenal  cortex,  107 
Proteins,  iodinated,  125,  126 
Pteroylglutamic  acid  (Folic  acid), 
285-291 

actions  in  animals,  286 
and  p-aminobenzoic  acid,  328, 
329 

and  tumour  growth,  334 
antagonists,  218,  332-334 
as  bacterial  growth  factor,  286 
blood  diseases  unresponsive  to, 
290 

conjugates  of,  286,  288,  289 
effect  on  malignant  tissue,  218 
food  sources  of,  285 
formula,  285 

in  liver-refractory  macrocytic 
anaemia,  290 

in  nutritional  macrocytic  anae¬ 
mia,  290 
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Pteroylglutamic  acid  (Folic  acid), 
in  pernicious  anaemia,  286- 
289 

and  neurological  complica¬ 
tions,  288 

comparison  with  thymine, 
291 

comparison  with  vitamin 
B12,  291 

conjugates  of,  288,  289 

dosage,  286 

haematological  response, 
286-289 

relation  to  vitamin  B12,  296 

symptomatic  improvement, 

'  287 

in  sprue,  290 

relation  to  action  of  steroids,  333 

Pulmonary  resection,  use  of 
streptomycin  in,  162 

Pulmonary  tuberculosis,  treat¬ 
ment  with  PAS,  171 
treatment  with  streptomycin, 
160-162 

treatment  with  thiosemicarba- 
zone,  172 

Purine  antagonists,  and  tumour 
growth,  334,  335 

Pyridine  sulphonamide,  relation  to 
nicotinamide,  329,  330 

Pyridine  sulphonic  acid,  relation  to 
nicotinic  acid,  329,  330 

Pyrithiamine,  relation  to  vitamin 
Bj,  330,  331 

Pyruvate  oxidase  system,  336 

Quaternary  ammonium  com¬ 
pounds,  24 

Quinine,  action  in  malaria,  188 
asthma  and  rhinitis  from,  89 
curariform  action  of,  24 
drug  rashes  from,  89 
effect  on  toxicity  of  pamaquin  and 
pentaquine,  201 
formula,  193 

in  treatment  of  malaria,  204-207 
mode  of  action,  188 
specificity  of  allergy  to,  92,  93 

Quinine  methochloride,  curariform 
action  of,  24,  35,  36 
in  spastic  disorders,  42 

Radiation,  biological  effects  of,  355- 
357 
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Radiation,  detection  of,  354,  355 
effects  in  man,  357,  358 
effects  on  cell  nucleus,  356,  357 
effects  on  enzymes,  356 
effects  on  large  protein  molecules, 
356 

hazards,  355-358 
mutagenic  effect  of,  233 
types  of,  351 

Radioactive  isotopes,  351-353 
uses  of,  358-366 

Radioautograph,  355  (see  Auto¬ 
radiograph) 

Radio  carbon,  incorporated  in  digi- 
toxin  and  nicotine,  360,  361 
in  study  of  adrenaline  synthesis, 
358,  359 

Radio  iodine,  131-134 

clearance  by  thyroid,  132 
in  evaluation  of  antithyroid 
drugs,  127 

in  investigation  of  thyroid  func¬ 
tion,  122-125,  127,  131 
in  localization  of  brain  tumours, 
365 

metabolism  of,  131,  132 
therapeutic  use  of,  132-134 
Radio  phosphorus,  227-230 
clinical  use,  228-230 
in  investigation  of  antibody 
formation,  359-361 
in  localization  of  brain  tumours, 
365 

metabolism,  228,  229 
penetration  into  cells,  365,  366 
Radio  potassium,  in  assay  of 
deoxycortone,  364 
Radio  sodium,  clinical  use  of,  230 
distribution  in  body,  362 
in  assay  of  deoxycortone,  364 
in  investigation  of  mechanism  ot 
shock,  361,  362 

in  investigation  of  peripheral 
vascular  disease,  362,  363 
in  investigation  of  venous  blood 
flow,  363,  364 

Radio  sulphur,  in  study  of  peni¬ 
cillin,  139,  148 

Receptors,  role  in  drug  action,  322 
(see  specific  receptors) 

Resistance,  to  antimalarials,  195, 
196 

to  antrycide,  213 
to  PAS,  171 

to  streptomycin,  163,  165,  166 


Rheumatic  fever,  treatment  with 
cortisone,  111,  112 
Rheumatoid  arthritis,  experimen¬ 
tal  investigation  of  treatment, 
115, 116 

relation  to  adrenal  cortex,  109 
treatment  with  adrenocortico- 
trophin,  113,  114 
treatment  with  cortisone,  110, 
111 

Rickettsial  diseases,  treatment 
with  aureomycin,  177 
treatment  with  chloramphenicol, 
176 

Rocky  mountain  spotted  fever, 
treatment  with  aureo- 
mycin,  177 

treatment  with  chloram¬ 
phenicol,  176 

Saccharated  iron  oxide  (intra¬ 
venous),  281-285 
dosage,  281,  283,  285 
in  iron -deficiency  anaemia, 
281,  283-285 

preparation  and  standardiza¬ 
tion,  282 
toxicity,  281-285 
utilization,  281,  283,  284 
Salicylate,  and  metabolism  of 
tubercle  bacilli,  169 
drug  rashes  from,  89 
Salt  metabolism,  relation  to 
adrenal  cortex,  107 
Sarcoma,  production  by  radio 
strontium,  353 

Scrub  typhus,  treatment  with 
chloramphenicol,  176 
Seasickness,  79 
“Sedormid,”  89 

Semicarbazones,  171,  172  (see 

thiosemicarbazones. 

Sensitization  to  drugs,  87-97 
contact  dermatitis  in,  88 
desensitization,  94,  95 
duration  of,  94 

factors  in  development  of,  93,  94 
features  of,  88,  89 
fever  in,  88,  91,  92 
histological  changes  in,  88 
“incubation  period”  in,  87,  88 
mechanisms  in  development  of, 
95-97 

patch  tests  in,  88 
serum  antibodies  in,  88 


INDEX 


415 


Sensitization  to  drugs,  skin  erup¬ 
tions  in,  88-5)1 
specificity  of,  88,  5)2,  5)3 
symptoms  and  signs,  88-92 
Shock,  investigated  with  radio 
sodium,  362 

Sodium  gentisate,  in  rheumatic 
fever,  371 

Sodium  salicylate,  87 

and  hypoprothrombinaemia,  308 
frequency  of  toxic  effects  from, 
377-379 

therapeutic  ratio  of  in  rheumatic 
fever,  370 

Specific  receptors,  role  in  drug 
action,  322,  324 
Spinal  cord  depressants,  51 
Statistics,  in  evaluation  of  drugs, 
376-395 

central  tendency  of  observations, 
375) 

coefficient  of  variation,  380 
degree  of  scatter,  375),  385) 

“normal”  distribution,  380-382 
presentation  of,  376-378 
problems  of  sampling,  382-384 
proportions  and  percentages,  385, 
386 

selection  of  samples,  383,  384 
significance  of  differences  between 
means,  386,  387 
small  samples,  385) 
standard  deviation,  380 
standard  error,  384 

of  difference  between  two 
means,  385,  386 
of  difference  between  two 
proportions,  386,  391,  394 
variability  of  means  of  samples, 
384 

variance,  380 
X2  test,  387,  388,  394 
Steroids,  99-115 
assay,  105-107,  346 
chemistry,  99,  100 
conjugation,  103 
derivation  in  the  body,  102 
derivatives  in  urine,  103 
effect  on  eosinophils,  115 
effect  on  malignant  tissue,  218 
localization  by  cytochemical 
method,  347 
metabolism,  103,  104 
overlapping  of  function,  101,  102 
presence  in  adrenal  cortex,  101 


Stilboestrol,  119 

in  cancer  of  the  breast,  222 
in  cancer  of  the  prostate,  219,  220 
Streptidine,  149.  150 
Streptomyces  fradiae,  151 
Streptomyces  griseus,  149 
Streptomycin,  149-166 

absorption  from  intestine,  151 
activity  in  experimental  infections, 
154,  155,  156 

activity  in  vitro,  153,  154,  155 
administration.  1 56,  1 57 
antihistamines  against  vomiting 
from,  5)1 

blood  concentrations,  152,  154 
cerebrospinal  fluid  concentrations, 

153 

chemical  assay,  349 
chemistry,  149,  150 
clinical  applications,  156-164 
combination  with  PAS,  161,  170, 
375 

combination  with  potassium  iodide, 

1 56 

combination  with  sulphones,  168, 
169 

compound  with  PAS,  161 
contact  dermatitis  from,  91 
development  of  resistance  to,  163, 
165,  166 

dihydrostreptomycin,  150,  151,  158 

discovery,  149 

dosage,  156,  157 

drug  fever  from,  91 

effect  of  caseation  on  action,  161 

excretion  in  bile,  152 

excretion  in  urine,  152 

formula,  150 

in  cerebrospinal  fluid,  153 
in  genito-urinary  tuberculosis,  162 
in  infections  with  gram  negative 
organisms,  162,  163 
in  lupus  vulgaris,  162 
in  meningeal  and  miliary  tubercu¬ 
losis,  159,  160,  369,  370 
in  pulmonary  resection,  162 
in  pulmonary  tuberculosis,  1  GO- 
162,  889-392 

in  tuberculosis  of  bones  and  joints, 
162 

intrathecal  administration,  157 
local  application,  157 
metabolism,  151,  152 
mode  of  action,  164,  165 
neomycin,  151 
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Streptomycin,  nomenclature,  150 
penetration  into  eye,  153 
skin  eruptions  from,  89 
stability  of,  151 
toxic  effects  in  man,  157,  158 
toxicity  in  animals,  153 
unit,  151 

Streptomycin  B,  150 
Subacute  bacterial  endocarditis, 
treatment  with  penicillin,  142,  140 
Substrate  competition,  322,  327- 
341 

Sulphaguanidine,  effect  on  thyroid, 
120 

Sulphetrone,  167-109 
Sulphonamides,  369,  373,  375 
agranulocytosis  from,  89 
asthma  and  rhinitis  from,  89 
combination  with  plasma  proteins, 
96 

contact  dermatitis  from,  90,  91 
death  from  allergy  to,  91,  92 
desensitization  to,  94,  95 
detection  in  tissues  by  fluores¬ 
cence,  345 

dosage  and  allergy  to,  94 
drug  fever  from,  91,  92 
drug  rashes  from,  89,  90 
mode  of  action,  328-330 
sensitization  to,  87,  89-92,  93,  94 
specific  action  of,  329,  330 
specificity  of  allergy  to,  92 
urticaria  from,  89 
Sulphonamide  azoproteins,  92 
Sulphones,  167-169 
Surface  active  molecules,  com¬ 
bination  with  sulphones,  168 
Synthetic  curariform  agents,  de- 
camethonium  iodide  (C10), 
32-34,  36,  37,  45,  46 
dimethyl  ether  of  d-tubo- 
curarine,  25,  45 
“Flaxedil,”  32,  37,  46 
other  substances,  31-33 
Synthetic  cestrogens,  119,  120 
Syphilis,  prophylaxis  with  peni¬ 
cillin,  143 

treatment  with  aureomycin,  177 
with  chloramphenicol,  176 
with  penicillin,  140,  143 

Tellurium  poisoning,  treatment 
with  BAL,  340 

TEPP,  5  et  seq.  ( see  tetraethylpyro- 
phosphate) 


Testosterone,  effect  on  bone,  221 
effect  on  cancer  of  the  breast,  221 
222 

formula,  100 
toxic  effects,  222 

Tests  of  significance,  standard 
deviation,  380 
X2  test,  387,  388,  394 
Tetraethylammonium  salts,  24, 
51-55 

actions  in  man,  52-55 
and  relief  of  pain,  53 
cutaneous  vasodilatation,  54 
depressor  action,  52-54 
dosage  and  administration,  53 
excretion,  54 

ganglionic  blocking  action,  52 
in  hypertension,  54 
on  alimentary  tract,  53 
on  renal  function,  53 
on  venous  pressure,  54 
toxic  effects,  54,  55 
Tetraethylpyrophosphate  (TEPP), 
administration  and  dosage,  19 
antagonism  by  neostigmine,  9,  17 
as  insecticide,  12 
cholinesterase  inhibition,  8,  9 
formula,  6 
in  glaucoma,  20 
in  myasthenia  gravis,  17-19 
intra-arterial  injection  in  man,  13, 17 
on  central  nervous  system,  13,  19 
on  human  electromyogram,  13,  17 
on  intestinal  motility,  20 
pharmacological  actions,  13 
Tetrahydrocannabinols,  238 
Tetramethylammonium  salts,  24, 
51,  52 

“Tetryl,”  96 

Therapeutic  trials,  368  et  seq. 
Thioglycollic  acid,  91 
Thiomersalate,  91 
Thiosemicarbazones,  171,  172 
in  treatment  of  tuberculosis,  172 
Thiouracil,  clinical  use  of,  129-131 
metabolism  of,  128,  129 
Thoracoplasty,  use  of  streptomycin 
in,  160,  162 
Thymine,  290,  291 
Thyroid,  in  experimental  hyper¬ 
thyroidism,  128 
in  myxcedema,  870 
uptake  of  radio  iodine,  127 

effect  of  antithyroid  drugs 
on, 127 
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Thyrotropic  hormone,  thyrotro¬ 
pin,  effect  on  iodine  uptake 
of  thyroid,  1 34 
effect  on  thyroid,  122,  128 
Thyroxine,  effect  on  lactation,  126 
effect  on  thyrotropin  production, 
128 

fate  in  body,  125 
formation  by  tissues,  124 
formation  in  iodinated  proteins, 
125 

synthesis  of  in  thyroid,  122-125 
Tobacco  mosaic  virus,  in  investi¬ 
gation  of  antibody  formation,  359- 
361 

Tridione,  agranulocytosis  from,  89 
sensitization  to,  87 
Triphenyl  ethylene  compounds,  in 
cancer  of  the  breast,  222 
in  cancer  of  the  prostate,  219, 
220 

“Tromexan,”  310-312 
comparison  with  dicoumarol,  311, 
312 

formula,  310 

Trypanosomiasis,  treatment  of, 
213-215 

Tuberculosis,  treatment  of  experi¬ 
mental  infections  with  strep¬ 
tomycin,  154,  155 
with  PAS,  171 
with  streptomycin,  159-162 
with  sulphones,  167-169 
with  thiosemicarbazone,  172 
Tuberculous  meningitis,  treat¬ 
ment  with  streptomycin,  159 
value  of  PAS  in,  171 
d-Tubocurarine,  absorption,  40 
actions  in  normal  man,  34 
and  bronchospasm,  38,  39,  45 
and  placental  barrier,  40,  41 
antidiuretic  action,  40 
blood  levels,  40 
destruction  in  body,  41 
distribution  in  body,  40,  41 
excretion  in  urine,  41 
found  in  Chondrodendron  tomen- 
tosum,  23 

ganglionic  blocking  action,  26 
histamine  liberation  by,  38,  39 
in  convulsive  shock  therapy,  43 
in  spastic  disorders,  42 
in  surgical  anaesthesia,  44,  45 
on  actions  of  acetylcholine,  26,  27, 
40 


d-Tubocurarine,  on  central  nervous 
system,  37,  38 
on  circulation,  39 

on  neuromuscular  transmission, 
26-30 

on  respiration,  39 
sequence  of  muscles  affected,  34 
variations  in  sensitivity  to,  35 
Tularaemia,  treatment  with  aureo- 
mycin,  177 

treatment  with  streptomycin,  162 
Tumours,  selective  action  of  drugs 
on,  217,  332-335 

Tumours  of  the  brain,  localization 
of,  364,  365 

Typhoid  fever,  treatment  with 
chloramphenicol,  176 
Typhus,  treatment  with  chloram¬ 
phenicol,  176 

Urethane,  225-227 
clinical  use,  226,  227 
experimental  effects,  225,  226 
Urinary  infections,  treatment  with 
aureomycin,  178 
treatment  with  mandelamine, 
163 

treatment  with  streptomycin, 
163,  165 

Urine,  fractionation  for  steroid  con¬ 
stituents,  105 
Urticaria,  75,  76,  89 


Vasoconstrictors,  with  penicillin 
preparations,  144 

Venous  blood  flow,  investigated 
with  radio  sodium,  363,  364 
variations  of  during  and  after 
pregnancy,  364 

Venous  thrombosis,  relation  to 
venous  blood  flow,  363,  364 
treatment  with  anticoagulants, 
313-317 

Vitamins,  antagonists,  330,  331 
relation  to  enzymes,  325 
Vitamin  A,  in  exophthalmic  goitre, 
131 

relation  to  visual  purple,  325 
Vitamin  B  complex,  effect  on 
oestrogen  metabolism,  104 
Vitamin  B„  mode  of  action,  325 
relation  to  pyrithiamine,  330, 
331 
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Vitamin  B12,  291-297 

administration  and  dosage,  296, 
297 

amounts  in  liver  extracts,  293 

biological  actions  of,  293 

chemistry  of,  292 

cobalt  and  erythropoiesis,  292 

cobalt  in,  292 

discovery  in  liver,  291 

in  faeces,  296 

in  nutritional  macrocytic  anae- 
mia,  296 

in  pernicious  anaemia,  293-297 
hiematological  response, 
293-295 

on  neurological  complica¬ 
tions,  295 
in  sprue,  296 


Vitamin  B1?,  in  tropical  macrocytic 
anaemia,  296 

on  growth  of  Lactobacillus  lactis 
Dorner,  291 

production  by  Streptomyces 
griseus,  292,  293 

relation  to  extrinsic  factor,  295, 
296 

relation  to  folic  acid,  296 
Vitamin  K,  relation  to  dieoumarol, 
306,  307,  318,  335 

Water  metabolism,  relation  to 
adrenal  cortex,  107 

Zimmerman  reaction,  105 
Zinc  poisoning,  treatment  with 
BAL,  340 
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